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RESUMO

SANTOS, Antonia Thassya Lucas dos. Universidade Federal Rural de
Pernambuco. Fevereiro/2020. ANALISE QUIMICA E EFEITO ANTIFUNGICO
DE Spondias tuberosa Arruda (UMBU) FRENTE A LEVEDURAS DO GENERO
Candida. Henrique Douglas Melo Coutinho. Maria Flaviana Bezerra Morais
Braga.

Infec¢cbes causadas por fungos tem se tornado um problema cada vez maior de saude
publica e este fato vem se agravando por conta do surgimento de novos mecanismos de
resisténcia. Diante disso, tem se buscado nos produtos naturais, uma alternativa no
combate a esses patdgenos. Spondias tuberosa Arruda (Umbu) é uma planta do
semiarido brasileiro, de importancia na medicina tradicional. Baseado nesse contexto e
na importancia da conservacdo da espécie, esse trabalho objetivou analisar a
composi¢do quimica e avaliar de forma comparativa a acdo antifingica e o potencial
inibidor de viruléncia dos extratos aquosos e hidroalcodlicos das folhas e raizes de
Spondias tuberosa Arruda (umbu) frente as linhagens do género Candida. A anélise dos
componentes quimicos das folhas e raizes foi feito por UPLC-ESI-QTOF-MS. Os
ensaios antifingicos foram realizados frente a C. albicans e C. tropicalis (tipo padrdo e
isolado clinico), por microdiluicdo, para determinacdo da ICso e obtencdo da curva de
viabilidade celular sob a agdo intrinseca dos extratos e do fluconazol (controle) e de
forma combinada extrato/farmaco. A Concentracdo Fungicida Minima (CFM) foi
realizada por subcultivo. Para verificacdo do efeito sobre a morfologia das leveduras e
inibicdo de sua viruléncia foram preparadas camaras de microcultivo. Na identificacao
dos extratos constatou-se principalmente a presenca de composto fendlicos e
flavonoides. Os extratos apresentaram um efeito fungistatico (> 16.384 pg/mL) e, na
combinacdo destes com o Fluconazol, em algumas concentraces, o efeito foi sinérgico.
Na transicdo morfoldgica os extratos conseguiram inibir ou reduzir os filamentos das
cepas testadas em concentracOes progressivas. Os resultados obtidos mostraram que 0s
extratos das folhas tem efeito semelhantes com os das raizes, e assim pode ser uma
alternativa de diminuir o impacto causado pela utilizacdo das raizes, procurando
contribuir com a conservagao e manejo da espécie.

Palavras-chave: Candida albicans, Candida tropicalis, Conservagédo, Inibidor de
viruléncia.



ABSTRACT

SANTOS, Antonia Thassya Lucas dos. Universidade Federal Rural de
Pernambuco. Fevereiro/2020. ANALISE QUIMICA E ANTIFUNGAL EFFECT
OF Spondias tuberosa Arruda (UMBU) ON GENDER YEAST Candida. Henrique
Douglas Melo Coutinho. Maria Flaviana Bezerra Morais Braga.

Infections caused by fungi have become an increasing public health problem and this
fact has been aggravated by the emergence of new resistance mechanisms. Given this,
natural products have been sought as an alternative in combating these pathogens.
Spondias tuberosa Arruda (Umbu) is a Brazilian semiarid plant of importance in
traditional medicine. Based on this context and the importance of conservation of the
species, this work aimed to analyze the chemical composition and comparatively
evaluate the antifungal action and the potential virulence inhibitor of aqueous and
hydroalcoholic extracts of leaves and roots of Spondias tuberosa Arruda (umbu) against
strains of the genus Candida. The analysis of the chemical components of leaves and
roots was performed by UPLC-ESI-QTOF-MS. Antifungal assays were performed
against C. albicans and C. tropicalis (standard and isolated clinical type) by
microdilution to determine the IC50 and to obtain the cell viability curve under the
intrinsic action of extracts and fluconazole (control) and extract / drug combination
form. Minimum Fungicidal Concentration (MFC) was performed by subculture. To
verify the effect on yeast morphology and inhibition of yeast virulence, microculture
chambers were prepared. In the identification of the extracts it was verified mainly the
presence of phenolic compounds and flavonoids. The extracts had a fungistatic effect (>
16,384 ug / mL) and, in their combination with Fluconazole, at some concentrations, the
effect was synergistic. In the morphological transition the extracts were able to inhibit
or reduce the filaments of the tested strains in progressive concentrations. The obtained
results showed that the leaf extracts have similar effect to the roots, and thus can be an
alternative to reduce the impact caused by the use of the roots, seeking to contribute to
the conservation and management of the species.

Key words: Candida albicans, Candida tropicalis, Conservation, Virulence inhibitor.



INTRODUCAO GERAL

Muitas das infec¢des fangicas nos seres humanos podem ser causadas por
fungos oportunistas, dentre os mais importantes destacam-se Aspergillus fumigatus e
Candida albicans, mas outras espécies dos géneros Candida e Trichosporon, comegam
a se manifestar. InfeccGes flangicas sistémicas sdo de dificil diagnostico e estdo
associadas a elevada mortalidade e morbidade, sendo um sério problema de salde
publica (MENEZES et al., 2013).

Candidiase é uma micose causada por leveduras do género Candida, em que a
lesdo pode ser branda, aguda ou crénica, superficial ou profunda, e de espectro clinico
variado (BARBEDO; SGARBI, 2010). A resisténcia fungica representa um amplo
desafio clinico no tratamento de infeccBes invasivas devido a escassez de antifungicos
efetivos disponiveis. Além disso, os medicamentos atuais podem ser limitados pelas
interacdes medicamentosas e com efeitos adversos graves (WIEDERHOLD, 2017).

Neste sentido, pesquisas por novos agentes antiflngicos obtidos a partir de
extratos, fracOes e Oleos essenciais ou constituintes isolados de plantas da flora
brasileira vém sendo intensificadas, na busca de reverter a resisténcia de Candida spp.
(EDDOUZI et al., 2013; CALIXTO JUNIOR et al., 2015).

No semiarido brasileiro muitas plantas possuem potencial farmacoldgico, dentre
estas Spondias tuberosa Arruda (Umbu), espécie de grande importancia econdmica,
social e ecoldgica. Na medicina popular, é utilizada para diabetes, colesterol, congestédo
diarreia, inflamacdes, afta, dores de estdmago e uterinas e corrimento feminino (JORGE
et al.,, 2007; NETO; PERONI; DE ALBUQUERQUE, 2010; RIBEIRO et al., 2014,
UCHOA et al., 2015), sintomatologia que pode estar associada a infec¢do por Candida
spp. denominada candidiase, micose ocasionada principalmente pela espécie Candida
albicans.

A utilizacdo popular da raiz tubérculo de S. tuberosa agrega certa ressalva, uma
vez que pode futuramente causar danos aos exemplares da espécie devido a perda de
propriedades pela variacdo genética que pode sofrer e consequente diminuicdo das
populacbes nos ambientes em que habitam. A verificacdo da composicdo quimica da
raiz, que é pouco relatada na literatura, em comparacdo a composi¢do das folhas pode
vir a minimizar ou mesmo cessar 0 uso das raizes, o que auxiliaria na conservacdo da

espécie, haja vista que é a composicdo quimica responsdvel pelas atividades
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farmacoldgicas (DE ALBUQUERQUE et al, 2011; MACEDO; RIBEIRO; SOUZA,
2013).

Mediante o exposto, esse trabalho buscou avaliar a composi¢do quimica e efeito
antifangico dos extratos aquosos (infusdo) e hidroalcodlico das folhas e raizes de S.
tuberosa Arruda (umbu) sobre cepas de C. albicans e C. tropicalis e seu potencial
inibidor de viruléncia de levedura, trabalhando-se com a hipotese de que as folhas
tenham o mesmo efeito que as raizes, o que seria interessante do ponto de vista da
conservacao da espécie, uma vez que a exploracdo do recurso folha, além de causar
menos dano a planta, seria de melhor acesso e disponibilidade para as populacdes

usuarias.

CAPITULO 1: FUNDAMENTACAO TEORICA
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1.1 GENERO Spondias

A familia Anacardiaceae inclui varias espécies frutiferas que sdo exploradas no
mundo, dentre elas cajarana do sertdo (Spondias sp.), umbu (Spondias tuberosa) caju
(Anacardium occidentale L.), manga (Mangifera indica L.) e pistache (Pistacia vera L.)
(OLIVEIRA, 2011). Estudos quimicos realizados com espécies desta familia indicam
que sao ricas em polifenois (ASUQUO et al, 2013; SCHULZE-KAYSERS;
FEUEREISEN; SCHIEBER, 2015), taninos, terpenoides (sesquiterpenos e
monoterpenos), acidos graxos, esteroides e flavonoides (BORGES et al., 2007;
DANTAS et al., 2014; DE LIMA et al., 2017).

Spondias é um género pertencente a familia Anacardiaceae. Que abrange 18
espécies distribuidas em regides tropicais do mundo, com importancia social e
econdmica e com determinadas espécies utilizadas na indUstria agricola (SAMEH et al.,
2018; SILVA et al., 2015). E na medicina popular sdo empregadas para diarreia, dor de
barriga, gastrite, corrimento feminino, colesterol, enxaqueca, cicatrizante, diabetes,
inflamacdo na garganta e no figado, dor no estbmago, irritacdo na pele, tosse e
bronquite (JUNIOR et al., 2014; MACEDO; RIBEIRO; SOUZA, 2013; NETO;
PERONI; DE ALBUQUERQUE, 2010; RANGEL et al., 2010; RIBEIRO et al., 2014).

Diferentes espécies de Spondias sdo citadas na literatura por suas atividades
bioldgicas como antimicrobiana, antitumoral, gastroprotetora, larvicida, antioxidante,
citotoxica e trombolitica (ALBUQUERQUE et al., 2014; EZE; DANG; OKOYE, 2014;
ISLAM et al., 2013; SABIU et al., 2015; SANTOS; SANTOS; MARISCO, 2017).

1.2 ESPECIE Spondias tuberosa Arruda

A espécie S. tuberosa (umbuzeiro) é nativa do Brasil, e pode apresentar habito
arbustivo a arboreo, sendo distribuidas nas regides norte, nordeste, centro-oeste e
sudeste. Apresentam significativa importancia ecoldgica e econébmica, onde os frutos
sdo utilizados na renda familiar de pequenos agricultores (CAVALCANTI et al., 2000;
FLORA DO BRASIL 2020, 2018; NETO et al., 2013). Raizes e folhas podem ser
usadas como alimento e a agua contida nas raizes € utilizada na medicina popular
(EPSTEIN, 1998). O umbuzeiro, destaca-se pela possibilidade de ser cultivado em larga
escala, onde pode ser aproveitado tanto para alimentagdo humana quanto para a

suplementacdo alimentar de animais, especialmente caprinos e ovinos, que constituem
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os rebanhos predominantes no semiarido (ALBUQUERQUE; ANDRADE; SILVA,
2005). Também serve de mantimento para polinizadores e dispersores.

Estudo fitoquimico realizado com extrato etanolico bruto das folhas e da casca
de Spondias sp. e S. tuberosa revelou a presenca de esteroides, taninos, flavonoides,
terpenoides,  triterpenos,  saponinas, cumarinas, alcaloides,  monoterpenos,
sesquiterpenos e diterpenos (BARBOSA et al., 2016; DE LIMA et al., 2017). No
extrato hidroetanodlico de folhas da planta identificou-se a presenca de flavonoides,
compostos fendlicos, &cido clorogénico, acido cafeico, rutina e isoquercitrina
(SIQUEIRA et al., 2016). Borges e colaboradores (2007) realizaram estudo com o 6leo
das sementes de umbu e constataram a presenca de &cidos graxos como: &cido
palmilico, &cido estearico, acido oleico, acido linoleico e &cido araquidico. Os extratos
metanolico e acetato de etila das folhas de S. tuberosa revelaram a presenca de
quercetina, rutina, acido clorogénico e B-sitosterol. Extrato etanolico da casca da planta
ndo promoveu toxicidade aguda ou citotéxica (BARBOSA et al., 2016).

Siqueira (2015) cita que S. tuberosa tem agdo anti-inflamatéria e experimentos
com extrato metandlico do umbu demonstraram atividade de inibicdo da
acetilcolinesterase e o0 extrato diclorometano exibiu atividade anticancerigena (ZERAIK
et al., 2016), atividade antimicrobiana (DA SILVA et al., 2012; DE BRITO COSTA et
al., 2013).

Spondias tuberosa é utilizada como planta medicinal por varias comunidades
locais no nordeste do Brasil para tratar infeccdes, distlrbios digestivos e condicbes
inflamatorias (SIQUEIRA et al., 2016). As folhas s@o usadas no tratamento de diabetes,
inflamacAo, constipac&o, dores estomacais e uterinas (JORGE et al., 2007; UCHOA et
al., 2015). A casca do caule é utilizada para enxaqueca, baixar colesterol, cicatrizante e
inflamacdo (SOARES; SIQUEIRA; DE ALBUQUERQUE, 2012; JUNIOR et al.,
2014). Ribeiro e colaboradores (2014) cita 0 uso da raiz-tubérculo (infuséo) pela
populacédo para corrimento feminino. Esta planta, entretanto, enfrenta varios problemas
naturais e antropicos que podem levar a sua extincdo (MERTENS et al., 2017). Apesar
desses riscos, a especie nao foi avaliada quanto ao status de conservagdo, mas estudos
cientificos sdo necessarios para agregar e incentivar a preservacao da espécie (FLORA
DO BRASIL 2020, EM CONSTRUCAO).

1.3 GENERO Candida

13



Conforme a taxonomia, as espécies do género Candida, encontram-se alocadas
no reino Fungi, Divisdo Ascomycota, Subdivisdo Saccharomycotina, Classe
Saccharomycetes, Familia Saccharomycetaceae (BUTLER, 2010). O género supracitado
compreende varias espécies que habitam uma variedade de hospedeiros, como agentes
comensais e/ou patégenos (WHIBLEY; GAFFEN 2015). Além disso, sdo organismos
eucariontes que contém parede celular, constituida por uma camada interna de quitina e
B-1-3-glucano, sobre a qual outros polissacarideos e glicoproteinas estdo aderidos
(ERWIG; GOW, 2016). Apresentam morfogénese celular variada, sendo capaz de se
apresentar na forma de levedura, hifa e/ou pseudohifa e podem se organizar em dois
estilos de vida planctonico e em biofilme (WONG et al., 2014).

InfeccBes oportunistas devido a espécies de Candida ocorrem com frequéncia
em ambientes de terapia intensiva (SHOKOHI et al., 2017). Pacientes
imunossuprimidos com quadros clinicos de diabetes, leucemias, AIDS, e 0 uso
exacerbado de antibioticos de amplo espectro vem contribuindo para o aumento dos
casos de micoses relacionadas a este género (DE ALMEIDA, 2008).

A forma como um patdgeno pode escapar e afetar o sistema imunoldgico e
ocasionar uma doenca esta relacionado a diferenca da forma ao longo da infec¢édo, que
para causar infeccdes invasivas alguns fungos patogénicos, transitam entre as formas de
levedura e filamentos (SEMAN et al., 2018), caracteristicas de algumas espécies de
Candida.

A prevaléncia de infec¢gbes fungicas por Candida spp., vem aumentando em
seres humanos, devido a diversos fatores que podem alterar a relacdo hospedeiro-
patégeno. Sintomas e direcdo da enfermidade sdo integrados, as condicBes gerais e
imunoldgicas da pessoa contaminada, bem como as caracteristicas das espécies
(MODRZEWSKA; KURNATOWSKI, 2013).

Apesar do aparecimento de novos farmacos, as espécies fungicas podem
desenvolver mecanismos de resisténcia dificultando o tratamento de pacientes com
infeccBes. Assim, uma otimizacdo dos procedimentos para a deteccdo de resisténcia
associada a caracterizagdo dos seus mecanismos, permite melhorar a eficacia da terapia
antifangica (PFALLER, 2012).

Durante alguns anos, o fluconazol tem sido usado para tratar infec¢fes causadas
por Candida. Porém, o uso indiscriminado dessa terapia beneficiou o aparecimento de
isolados resistentes. Dentre estes, mutacGes no gene ERG11, as quais tém sido descritas

como um dos principais mecanismos de resisténcia em espécies de Candida
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(CARVALHO et al.,, 2013). Para tanto, o processo se dar através do atomo de
nitrogénio livre do anel azol que se liga um atomo de ferro dentro do grupo heme da
enzima. Isso impede a ativagdo do oxigénio e, por sua vez, a desmetilacdo do lanosterol,
que inibe o processo de biossintese do ergosterol. De modo que o ergosterol é um
componente essencial da membranas celulares fungicas, essa inibicdo é tdxica, 0s
esterdis metilados se concentram na membrana celular dos fungos e o crescimento
celular é cessado (BERKOW; LOCKHART, 2017).

1.4 ESPECIE Candida albicans

Candida albicans é uma espécie patogénica oportunista que causa infeccGes
superficiais e sisttmicas em individuos imunocomprometidos (CHANG et al., 2018).
Doencas causadas por C. albicans varia de infecgdes vaginais, a infec¢cdes mais intensas
em pacientes hospitalizados que podem elevar as taxas de morbidade e mortalidade
(POULAIN, 2015).

A espécie apresenta fatores de viruléncia tais como adesividade, alteracdes
fenotipicas e morfologicas que resultam no processo infeccioso. Outros fatores estdo
envolvidos na alteracdo da forma comensal para patogénica, como a protecdo contra a
lise osmdtica (parede celular), liberacdo de proteases que danificam o epitélio do
hospedeiro, formacdo de hifas para acrescentar a capacidade nutricional e fixacdo ao
tecido (DE ROSSI et al., 2011). A habilidade de alternar entre formas de crescimento de
levedura, pseudo-hifa e hifas (polimorfismo) é uma das caracteristicas de viruléncia
mais pesquisadas de C. albicans (LU et al., 2014).

A levedura esté equipada com uma complexidade de caracteristicas comensais e
de viruléncia, favorecendo o fungo a colonizar dentro da microbiota na fase comensal e
a invadir o tecido hospedeiro durante a infeccdo. As propriedades de viruléncia incluem
a habilidade de alterar a morfologia de uma célula de levedura em desenvolvimento
para forma filamentosa, a expressdo de adesinas e invasinas na superficie celular, a
capacidade de danificar as ceélulas hospedeiras, a producdo de biofilmes, o
trigmotropismo (sensor de contato), a mudanca fenotipica e a secrecdo de enzimas
hidroliticas (MAYER et al., 2012). Alguns desses atributos, se ndo todos, também estéo
possivelmente envolvidos no crescimento comensal (HOFS; MOGAVERO; HUBE,
2016).
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Esta espécie naturalmente sensivel a todas as drogas antifungicas de uso
sisttmico, e em casos de resisténcia a azolicos sdo conhecidos em pacientes expostos

prolongadamente a estes medicamentos (TIRABOSCHI et al., 2007).

1.5 ESPECIE Candida tropicalis

E um agente patogénico fingico emergente com elevadas taxas de mortalidade
associadas de 40 a 70% (CHEN et al., 2014). Atualmente, a dimensdo de isolados
clinicos de C. tropicalis aumentou expressivamente. Determinadas cepas colonizam a
pele ou superficies mucosas como comensais, outras causam infec¢des invasivas
(JIANG et al., 2016).

Candida tropicalis ¢ uma das espécies do género Candida que esta no topo da
lista epidemioldgica de agentes causadores de candidiase sistémica. E considerado um
importante agente causador de candidiase invasiva e coloniza 60 % a 80 % dos
pacientes imunocomprometidos. Esse fungo tem sido associado a taxas de mortalidade
semelhantes ou mais altas do que as relatadas para C. albicans (NAVARRO-ARIAS et
al., 2019).

Diversos fatores de viruléncia podem ser responsaveis por infeccdes de C.
tropicalis. A adesdo a superficies (células epiteliais e dispositivos médicos), assim como
a formacao de biofilme, sdo consideradas o primeiro passo para iniciar a infecgdo. Além
disso, a secrecdo de enzimas (proteinases e fosfolipases), bem como sua atividade
hemolitica, € reconhecida como importantes fatores na invasdo de tecidos envolvidos
(NEGRI et al., 2010).

Linhagens de C. tropicalis desenvolveram resisténcia aos azélicos devido ao
aumento da expressao do gene ERG 11, associado com uma mutacdo missense nesse
gene (MENEZES; MENDES; CUNHA, 2009).

1.6 RESISTENCIA E VIRULENCIA FUNGICA

Um dos principais motivo de resisténcia em espécies de Candida é que apenas 4
classes de medicamentos estdo disponiveis para o tratamento sisttémico das infeccdes
por estes fungos, incluindo os azéis (fluconazol, itraconazol, isavuconazol, posaconazol

e voriconazol), polienos (anfotericina B convencional e suas formulacfes lipidicas),
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equinocandinas (anidulafungina, caspofungina, e micafungina) e, por fim, o analogo da
pirimidina flucitosina. Dentre essas classes de drogas, apenas 0s componentes dos trés
primeiros sdo licenciados para monoterapia contra infeccbes por Candida e apenas
fluconazol e equinocandinas sdo recomendados como agentes de primeira linha para
candidiase invasiva (ARENDRUP; PATTERSON, 2017).

O desenvolvimento da resisténcia antifingica € um processo complexo que
envolve hospedeiros, medicamentos e fatores microbianos, que contribuem juntamente
para a falha terapéutica. O estado imunoldgico do hospedeiro é importante, pois este
sistema deve trabalhar em conjunto com os antifangicos para controlar uma infec¢do. O
distarbio imunolodgico grave resulta em pacientes menos responsivos ao tratamento,
uma vez que 0s encargos microbianos sdo maiores e 0 medicamento deve combater a
infeccdo sem suporte imunologico (PERLIN; SHOR; ZHAO, 2015).

Existem poucos antifingicos no wuso clinico, e a resisténcia a
medicamentos/toxicidade do hospedeiro comprometem a utilidade clinica. Dessa forma,
a resisténcia as drogas antifangicas é um fendmeno complexo que envolve multiplos
mecanismos (XIE et al., 2014). Além de que, os atuais medicamentos podem ser
limitados por interacbes medicamentosas, efeitos adversos e toxicidades graves que
impedem seu uso prolongado ou aumento da dose (WIEDERHOLD, 2017).

A medicina vem enfrentando diversos desafios emergentes na resisténcia
antifangica. Isso inclui taxas aumentadas de resisténcia ao azol e equinocandinas em
varios espécies nao C. albicans e resisténcia ao azol em Aspergillus fumigatus que
podem ocorrer devido a exposi¢cdo clinica ou ambiental a esses agentes
(WIEDERHOLD, 2017). Dessa forma, a resisténcia ao azol entre as espécies de
Candida e Aspergillus é um dos maiores desafios para o sucesso clinico, seguida pela
resisténcia a equinocandina e multidrogas. A disseminacdo de A. fumigatus resistente a
azodis e ameacas emergentes como C. auris multirresistente também séo alarmantes. O
mecanismos moleculares que ocasionam resisténcia as drogas ocorrem naturalmente em
espécies menos suscetiveis e sdo adquiridos em linhagens de organismos suscetiveis
(PERLIN; RAUTEMAA-RICHARDSON; ALASTRUEY-IZQUIERDO, 2017).

Mecanismos de resisténcia ndo sdo trocados entre espécies de Candida; assim, a
resisténcia adquirida surge em resposta a pressdo de selecdo antifungica no paciente
individual ou, mais raramente, ocorre devido a transmissdo horizontal de cepas
resistentes entre os pacientes. Apesar de que a resisténcia a multiplas drogas seja

incomum, informagdes crescentes de resisténcia a mdaltiplas drogas aos azois,
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equinocandinas e polienos ocorreram em varias espécies de Candida, principalmente C.
glabrata e, mais recentemente, Candida auris (ARENDRUP; PATTERSON, 2017).
Alguns dos mecanismos que contribuem para as resisténcias aos medicamentos
antifangicos séo as interacdes alteradas entre alvo e droga, concentracdes celulares
reduzidas mediadas por transportadores de efluxo de drogas e barreiras de
permeabilidade associadas a biofilmes (PERLIN; RAUTEMAA-RICHARDSON;
ALASTRUEY-IZQUIERDO, 2017).

A viruléncia de um micro-organismo é definida como sua capacidade de causar
doenca, que é mediada por multiplos fatores. Ainda que certos aspectos da viruléncia
serem determinados geneticamente, eles sdo expressos pelos micro-organismos apenas
quando existem condi¢Ges ambientais favoraveis, tais como teor nutricional, atmosfera
de oxigénio e temperatura. Os principais fatores de viruléncia em leveduras sdo:
aderéncia, hidrofobicidade de superficie celular, producdo de tubos germinativos e
exoenzimas, Vvariabilidade genotipica, tigmotropismo, internalizacdo e alteracao
fenotipica (ALVARES; SVIDZINSKI; CONSOLARO, 2007).

A capacidade de produzir enzimas hidroliticas € considerada um importante
fator de viruléncia. As principais enzimas desenvolvidas por leveduras do género
Candida sdo as proteinases e as fosfolipases (RORIG; COLACITE; ABEGG, 2009). As
proteinases produzidas por C. albicans sdo reguladas por uma familia composta por 10
genes (SAP1-10), estas enzimas apresentam atividade proteolitica, degradando
colageno, queratina e peptideos localizados na superficie de mucosas e podem, ainda,
agir sobre elementos do sistema imunoldgico, tais como imunoglobulinas, complemento
e citocinas, favorecendo a propagacao das leveduras nos tecidos do hospedeiro e evasédo
ao sistema imune (GOULART et al., 2017)

Outros fatores de viruléncia de Candida que estdo associados as infeccGes
sanguineas incluem producdo de hemolisina, producdo de proteinases e formacgédo de
biofilmes. A formacdo de biofilmes, ainda que existente em todas as espécies, diverge
significativamente entre elas, dependendo da superficie, por exemplo, e das suas
caracteristicas individuais (ROCHA et al., 2017).

Devido a esses fatores, sdo necessarios estudos com produtos naturais para o
desenvolvimento de medicamentos como uma nova estratégia terapéutica para atingir
patogenos fungicos e o conhecimento dos mecanismos que estes utilizam para causar as

enfermidades nos seres humanos.
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1.7 FLUCONAZOL

Os azobis compdem um grupo de farmacos antifingicos vidveis que afetam o
ergosterol. Atuam inibindo seletivamente a biossintese do ergosterol e, por isso, tém
atividade antifungica de amplo espectro. A terapia com azdis resulta em membranas
citoplasmaticas fungicas anormais, que ocasionam danos e modificacGes criticas nas
funcdes de transporte através da membrana (MADIGAN et al., 2016).

Dentro do grupo dos azois se destaca o farmaco fluconazol (Figura 1) que se

caracteriza por ser mais solivel em agua, sendo assim, mais facil de usar e mais
N
/4
N />
\N

F I\(/\N

N/

F
eficiente. E 0 agente antifingico utilizado como alternativa terapéutica habitual de

diversos tratamentos de infec¢bes fungicas sistémicas especificas (DOS SANTOS JR et
al., 2005; TORTORA,; CASE; FUNKE, 2016).

Figura 1 — Estrutura Quimica do Fluconazol

Fonte: Pubchem - adaptado por ChemBioDraw Ultra 12.0

E uma droga que tem seu espectro de acdo ampliado bem como sua seletividade
para o citocromo P-450 da célula fungica, em virtude da substituicio do anel
imidazolico por um anel triazélico, que impede o crescimento de fungos por meio da
inibicdo da sintese do ergosterol (esterdide), essencial a sua sobrevivéncia (OLIVEIRA
etal., 2010).
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Seu mecanismo de acdo tem como base a inibicdo da enzima lanosterol 14-a-
demetilase no complexo citocromo P-450 dos fungos, resultando na inibicdo da
conversao de lanosterol em ergosterol. Com a deplecdo do ergosterol e sua substituigéo
por esterdis incomuns, ocorre alteracdo da permeabilidade normal e fluidez da
membrana fdngica, secundariamente ha& consequéncias para enzimas ligadas a
membranas, tais como o0s envolvidos na sintese da parede celular (SIDRIM; ROCHA,
2010; DOS SANTOS JR et al., 2005).

1.8 IMPORTANCIA DE ESTUDOS FITOQUIMICOS

Estudos das plantas vém crescendo no Brasil e no mundo, com isso aumenta a
importancia e o conhecimento sobre os seus componentes quimicos (DE FARIA GOES
et al., 2016). Ha muitos anos Vvérias plantas apresentam uso medicinal e nos extratos
destes vegetais, a atuacdo conjunta ou isolada de algumas substancias é responsavel pela
atividade bioldgica, e este efeito difere de acordo com a dose (DE REZENDE et al.,
2016).

Substancias secundarias sdo 0s principios ativos vegetais responsaveis pelo
efeito medicinal de uma planta, entretanto dependendo da administracdo, o efeito deixa
de ser terapéutico e passa a ser toxico. O principio ativo é uma combinacdo de
conteddos que proporciona a atuacdo farmacoldgica e difere de farmaco a medida que o
termo designa uma substancia quimica conhecida e de estrutura quimica definida (DE
REZENDE et al., 2016).

Apesar de existir determinadas inovacOes para a descoberta de medicamentos,
nenhuma pode suprir a importancia dos produtos naturais na descoberta e
desenvolvimento de drogas (MOGHADAMTOUSI et al., 2015). Diante disso vem
sendo investigado fontes de plantas ricas em compostos bioativos para uso em
diferentes aplicacdes da industria alimenticia, cosmética e farmacéutica (MORAES,
2016). Diversos tipos de técnicas sdo usadas para detectar, quantificar e isolar
compostos contidos em produtos naturais que sao analisados na forma de extratos, 6leos

e fracGes polares e apolares (MATQOS, 2009).
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Abstract: The aim of this study was to identify and evaluate the chemical compositions and effects of the S.
tuberosa leaf and root hydroalcoholic extracts (HELST and HERST) against different strains of Candida.
Chemical analysis was performed by Ultra-Performance Liquid Chromatography Coupled to
Quadrupole/Time of Flight System (UPLC-MS-ESI-QTOF). The Inhibitory Concentration of 50% of the
growth (ICsg) as well as the intrinsic and combined action of the extracts with the antifungal fluconazole
(FCZ) were determined by the microdilution method while the minimum fungicidal concentrations (MFCs)
and the effect on fungal morphological transitions were analyzed by subculture and in humid chambers,
respectively. From the preliminary phytochemical analysis, the phenols and flavonoids were the most
abundant. The intrinsic 1Cso values for HELST ranged from 5716.3 to 7805.8 ug/mL and from 6175.4 to
51070.9 pg/mL for the HERST, whereas the combination of the extracts with fluconazole presented ICso
values from 2.65 to 278.41 pg/mL. The MFC of the extracts, individually, for all the tested strains was
216384 pg/mL. When fluconazole was combined with each extract, the MFC against CA URM 5974 was
reduced (HELST: 2048 and HERST: 4096 jg/mL). Synergism was observed against standard C. albicans
(CA) and C. tropicalis (CT) strains and with the root extract against the CT isolate. The leaf extract inhibited

the morphological transition of all strains while the root extract inhibited only CT strains.

Keywords: chromatography; fluconazole; Candida spp., morphological transition
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1. Introduction

Candida species, especially C. albicans, are commonly found on human mucosal surfaces but are
becoming an important progressive invasive pathogen due to their increased prevalence in
immunocompromised patients and the increased use of antibiotics [1].

Infections caused by the Candida genus are associated with a high morbidity and mortality rate, where
these species are responsible for superficial and systemic candidiasis, with the latter being a serious problem
for health systems and patients [2]. Several Candida species are polymorphic and able to transition between
different morphological conditions involving yeast, hyphal, and pseudohyphal forms [3].

The inappropriate use of antifungal drugs contributes to the increase in microbial resistance, thus an
understanding the mechanisms of antifungal drugs, the cellular molecular mechanisms involved in the
antifungal resistance process, is sought [4]. Given the few commercially available antifungals and their varied
side effects, a need to produce new and more effective antifungal agents with fewer adverse effects exists [5].

Studies addressing the use of plants have been growing in Brazil as well as worldwide, increasing the
importance and knowledge of their chemical components [6]. In this sense, natural products and their
chemical diversity are seen as options for potentially active therapeutic sources, which can be a means of
discovering new drugs [7].

Spondias tuberosa Arruda (umbu) is a native plant from Brazil, belonging to the Anacardiaceae family,
with great ecological and economic importance [8], being used in popular medicine for infections, stomach
disorders, and inflammatory conditions [9]. Among its biological activities, its anti-inflammatory [10],
anticancer [11], antibacterial [12], antioxidant [13], and antiviral activities stand out [14].

Using ethnobiology as a guiding strategy for bioactivity research, the objective of this study was to
identify the chemical composition of the S. tuberosa leaf and root hydroalcoholic extracts and their antifungal
effect, both the intrinsic and combined effect with conventional fluconazole, as well as their action on
morphological transition, a Candida spp. virulence factor.

2. Results

The leaf and root extract yields were, respectively, 0.74% and 0.635%. Preliminary phytochemical analysis
of the extracts revealed the presence of several metabolite classes, such as: Alkaloids, steroids, phenols,
flavonoids, triterpenoids, and xanthones (Tablel). It is noteworthy that the presence of phenols and flavonoids
prevailed in all extracts. Among the secondary metabolites investigated, coumarins, flavanonols, and tannins
were not detected.

Table 1. Preliminary phytochemical analysis of extracts.

Special Metabolite Classes (SMC)

SMC1 SMC2 SMC3 SMC4 SCM5 SMC6 SMC7 SMC8 SMC9 SMCI10

HELST + - + - - + - + - +
HERST + - - + - + - - + -
SMC 1: Phenols; SMC 2: Tannins; SMC 3: Flavonoids of the flavone, flavonol and xanthone type; SMC 4: Flavonoids of the

anthocyanin and anthocyanidin type; SMC 5: Flavanoid of leucoanthocyanidins, catechins; SMC 6: Flavanone-type flavanoid;
SMC 7: Flavanoid Flavanoid; SMC 8: Steroids; SMC 9: Triterpenoids; SMC 10: Alkaloids; (+): positive; (-):absent.

In UPLC-MS-ESI-QTOF, identification of the compounds was based on their molecular
ion mass, retention time, fragmentation pattern, and data available in the literature, as shown
in Tables 2 and 3, according to the order of elution, molecular formula, error, and major

fragments (MS2).
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Table 2. Ultra-Performance Liguid Chromatography Coupled to Cuadrupole/ Time of Flight System

(UPLC-MSESFQTOF) identification of hydroalooholic extract compounds of Spondias fuberora leaves.
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Table 4 shows the IC 5o values of the extracts, fluconazole, and their combined action, where the
concentration in which the natural product or the drug could reduce the microorganismal population by 50%
can be seen. The HESTL and HESTR values were not clinically significant while fluconazole achieved a 50%
reduction in the fungal population, whereas when associated with leaf extract, there was an increase in drug
action. With root extract, the effect was similar to fluconazole for C. albicans strains, and for CT INCQS 40042,
there was a decrease in the effect of the drug, while for CT URM there was an improvement in fluconazole

action.
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Table 3
fuberora roots.

UPLC-MS-ESIFQTOF identification of hydmalocholic extract compounds of Spondias

250f 14
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Table 4. 50% inhibitory concentration (IC50) of microorganisms (ug/mL) by extracts, fluconazole, and their

combination.
CA INCQS 40006 CAURMOS5974 CTINCQS40042 CT URM 4262
HELST 6211.1 * 5716.3 * 7166.8 * 7805.8 *
HERST 6264.8 * 8919.9 * 510709 * 61754 *
FLUCONAZOLE 22.79 3.97 88.08 47.30
HELST + FCZ 13.60 2.65* 44.86 * 43.75
HERST + FCZ 25.81 4.38 278.41 * 26.15*

CA: Candida albicans; CT: Candida tropicalis; INCQS: National Institute of Quality Control in Health; URM:
University Recife Mycology; HELST: Hydroalcoolic Extract of Leaves Spondias tuberosa; HERST:
Hydroalcoholic Extract of the Roots of Spondias tuberosa; FCZ: Fluconazole. * Corresponding to the ANOVA
with p < 0.0001 for all data.

The action of the extracts and fluconazole on the cell viability curve can be seen in Figure 1. The extracts
presented no relevant action against the tested strains while fluconazole presented a more effective action
against CA URM 5974 (32 pug/mL), and against other strains when its concentration was increased.
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Figure 1. Cell viability curve demonstrating the inhibitory effect of fluconazole and hydroalcoholic extracts of
Spondias tuberosa against Candida strains. CA: Candida albicans; CT: Candida tropicalis; INCQS: National
Institute of Quality Control in Health; URM: University Recife Mycology; HELST: Hydroalcoholic Extract of
Leaves of Spondias tuberosa; HERST: Hydroalcoholic Extract of the Roots of Spondias tuberosa; FCZ:
Fluconazole. ****—Statistical significance with p <0.0001.

The MFC of the extracts against all tested strains was >16,384 ug/mL, as well as the fluconazole MFC
against C. tropicalis, thus observing a fungistatic effect. The FCZ effect was termed fungicidal at a
concentration of 8192 pg/mL (Table 5) against standard and isolated C. albicans strains. An MFC of 2048 and
4096 pg/mL, respectively, was observed against the CA isolate in the fluconazole combination with the
HELST and HERST extracts while the MFC ranged from 8192 to >16,384 pg/mL against the other tested
strains.

Table 5. Minimal fungicidal concentration (MFC) of microorganisms (pug/mL) by extracts, fluconazole, and
their combination.

CA INCQS 40006 CA URM 5974 CT INCQS 40042 CT URM 4262

HELST >16,384 >16,384 >16,384 >16,384

HERST >16,384 >16,384 >16,384 >16,384
FLUCONAZOLE 8192 8192 >16,384 >16,384
HELST +FCZ 8192 2048 >16,384 8192
HERST +FCZ 8192 4096 >16,384 >16,384

CA: Candida albicans; CT: Candida tropicalis; INCQS: National Institute of Quality Control in Health; URM:
University Recife Mycology; HELST: Hydroalcoolic Extract of Leaves Spondias tuberosa; HERST:
Hydroalcoholic Extract of the Roots of Spondias tuberosa; FCZ: Fluconazole.

When combined with the antifungal agent fluconazole, the HELST potentiated the effect of the drug,
where a synergistic effect against CA INCQS 40006 (8 to 256 pug/mL) and CT INCQS 40042 (8 to 512 ug/mL)
was observed. On the other hand, the cell viability curve for CA URM 5974 and CT URM 4262 isolates was
similar to that of fluconazole (Figure 2).
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Figure 2. Evaluation of the modifying effect of fluconazole action by extracts. CA: Candida albicans; CT:
Candida tropicalis; INCQS: National Institute of Quality Control in Health; URM: University Recife
Mycology; HELST: Hydroalcoholic Extract of Leaves of Spondias tuberosa; HERST: Hydroalcoholic Extract
of the Roots of Spondias tuberosa; FCZ: Fluconazole; NS: not significant; *—Statistical significance with p <
0.05; **—Statistical significance with p < 0.01; ***—Statistical significance with p < 0.001; ****—Statistical
significance with p < 0.0001.

A synergism against CA INCQS 40006 (64 to 1024 pg/mL), CA URM 5974 (16 pug/mL), and CT URM
4262 (8 to 1024 pg/mL) can be observed when the HERST was combined with fluconazole. However, an
antagonism was observed against the standard CT INCQS 40042 strain (16 to 256 pg/mL), where the
combination with the extract diminished the effect of the drug.

In the antivirulence assay, the HELST was able to inhibit hyphal emission at the highest concentration
(HCE) in all tested strains. At the HCE/4 concentration, the extract reduced morphological transition by 44.09%
and 45.45%, respectively, against CA INCQS 40006 and CT INCQS 40042 when compared to the growth
control. At lower concentrations, the HELST presented insignificant or similar results to the growth control.
Fluconazole inhibited the tested strains at all concentrations (Figure 3).

The HERST caused filament inhibition only at the highest concentration for CT INCQS 40042 and CT
URM 4262 while it reduced hyphal growth by 54.30% and 62.09% respectively, for CA INCQS 40006 and
CA URM 5974, all relative to the growth control. At the lowest concentrations, the HERST did not obtain
considerable results.

Figure 4 shows the filamentous structures in the growth control and the progressive effect of
fluconazole and HELST on C. tropicalis yeast morphology (CT INCQS 40042). The micromorphology
recordings for fluconazole presented inhibition at all tested concentrations while the HELST caused inhibition
at the HCE concentration (8192 pg/mL) and a decrease in hyphae and pseudohyphae growth at the HCE/4
concentration (2048 pg/mL). The HCE/16 concentration (512 pg/mL) presented similar results to the growth
control.
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Figure 3. Effect of extracts and fluconazole on the morphological transition of Candida spp. CA: Candida
albicans; CT: Candida tropicalis; INCQS: National Institute of Quality Control in Health; URM: University
Recife Mycology; HELST: Hydroalcoholic Extract of Leaves of Spondias tuberosa; HERST: Hydroalcoholic
Extract of the Roots of Spondias tuberosa FCZ: Fluconazole; HCE: Higher Concentration Evaluated; ns: not
significant. NS: not significant; **—Statistical significance with p <0.01; ****—Statistical significance with p <

0.0001.

Figure 4. Demonstrative effect of HELST and fluconazole on the morphological transition of Candida
tropicalis. CT: Candida tropicalis; INCQS: National Institute of Quality Control in Health; URM: University
Recife Mycology; HELST: Hydroalcoholic Extract of Leaves of Spondias tuberosa; FCZ: Fluconazole; HCE:

Higher Concentration Evaluate; a: presence of filamentous structures; b: absence of filamentous structures. A—
hyphae development; B—hyphae inhibition.

Generally, the HELST obtained better results in all the performed tests, which is interesting from the point
of view of the conservation of the species, as since the leaves are more accessible, the collection is practical and

less

harmful

to

the plant.
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3. Discussion

Phytochemical studies using the S. tuberosa leaf methanolic and ethyl acetate extracts also revealed the
presence of phenols, flavonoids, flavones, triterpenes, and steroid compounds, similar to those found in the
present study analysis; however, these also found cinnamic derivatives, saponins, and leucoanthocyanidins,
which differ from the present results [14,24]. The S. monbin ethanolic extract revealed the presence of
polyphenols and flavonoids [25]. The authors of [9] found chlorogenic acid in S. tuberosa leaf hydroethanolic
extract by HPLC analysis, with the same compound being identified in the root hydroalcoholic extract of the
same species.

The authors of [26] inhibited C. albicans growth with S. tuberosa leaf hexanic extract using a different
methodology, obtaining an ICso of 2.0 mg/mL, a result that is different to those of the present study; however,
the authors did not detect a fungicidal effect, a result similar to that of this study. S. tuberosa bark ethanolic
extract did not inhibit growth of the C. albicans, C. glabrata, C. krusei, or C. tropicalis strains with the disc
diffusion technique [27], whose effect may be explained by the fact that the hexane extract have a lower polarity
and the extracted constituents are different from those obtained with the extracts in this study [28].

Some of the compounds identified in the S. tuberosa leaf and root extracts are reported in the literature
for their antifungal activity. The author of [29] reports the antifungal activity of mangiferin. An inhibition in
filament growth was observed with the C. albicans (ATCC 90028 and MTCC 186) strains and clinical isolates
(CA1, CA2, CAS3, and CA4) in a study addressing the synergistic association of quinic acid with undecanoic
acid on Candida spp. morphological transition. However, only a moderate inhibition was observed for C.
tropicalis (MTCC 184) strains and isolates (CT1, CT2, and CT3) [30]. The authors of [31] tested several
compounds using the disc diffusion method where one of them was narigenin, a compound present in HERST,
which demonstrated activity against C. albicans.

The authors of [30] showed that quinic acid, which was identified in the HELST, did not inhibit the growth
of Candida strains at varying concentrations (12.5-800 pg mL_l). In a study on the antifungal activity of
chlorogenic acid, the yeasts Trichosporon beigelii (KCTC 7707), Malassezia furfur (KCTC 7744), and C.
albicans (TIMM 1768) were susceptible to the compound, with MIC values between 40 and 80 pg/mL [32].
Chlorogenic acid achieved a partial reduction in the mycelial growth of some pathogenic plant fungi [33]. The
chlorogenic acid effect on C. albicans dimorphism was investigated, where this was able to inhibit and destroy
hyphae. The authors attribute the action of this compound, which affects yeast cells, to it damaging their
membranes and disrupting their membrane potential [32].

The use of different Spondias monbin L. parts in combination with fluconazole inhibited the growth of C.
albicans ATCC 90029 and C. krusei, where the author associated this result with the compounds present in the
plant, which may have increased the effect of the drug [34]. The S. monbin leaf extract inhibited the
Saccharomyces cerevisiae NCPF 3178 yeast strain (7 to 7.5 mm) in the disk diffusion method and presented a
minimum inhibitory concentration (MIC) of 250 pg/mL [35] by microdilution. The authors of [25] tested S.
monbin ethanolic extract against C. albicans ATCC 10231, C. guilliermondii ATCC 6260 and C. krusei ATCC
34135 using a similar technique to that applied in this study, obtaining MIC values >1000 pg/mL_l.

Other species that are also from the Anacardiaceae family have been investigated for their activity against
fungi. A study with Anacardium occidentale L. and Mangifera indica L. leaves against C. albicans obtained
an MIC of 1250 pg/mL and MFC of 1250 and 2500 pg/mL, respectively [36]. The A. occidentale ethanolic
extract from the plant’s flowers, leaves, and stem bark were investigated using the disc diffusion technique,
where the flower extract inhibited different C. albicans and C. tropicalis (1 mm) strains, while the leaf and
stem bark extracts inhibited C. albicans 37 (1 mm) and fluconazole inhibited the C. albicans and C. tropicalis
strains (1 to 2 mm) [37].

Thediversity ofchemical classesthatare presentinanextractare defined ascomplex heterogeneous mixtures,
each of which has different biological or pharmacological activities and collectively contribute to the bioactivity
of the extract as a whole [38,39], thus the moderate activity demonstrated by the
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S. tuberosa leaf and root hydroalcoholic extracts against species from the Candida genus may have occurred due
to the synergistic action of the chemical constituents present in the extracts.

4. Materials and Methods

1.1. Botanical Material Collection and Identification

The botanical material was collected with consent from the Biodiversity Authorization and
Information System SISBIO-number 64293-1, in the community of Lameiro (07°, 1503.1" S and 39°, 23'48.3"
W of Greenwich), in the municipality of Crato, southern Cear, Brazil. Specimens from seven individuals
were collected from 8:00 to 9:30 in the morning. A sample of the collected material was deposited in the
Herbarium Dérdano de Andrade Lima (HCDAL) of the Regional University of Cariri-URCA with the
herbarium number 13.728, identified by Professor Ana Cleide Alcantara Morais Mendonga as being the species
Spondias tuberosa Arruda.

1.2. Extract Acquisition

For the extract preparations, healthy young roots and leaves collected from the upper part of the plant
were used. The hydroalcoholic extract (tincture or alcohol) was prepared in 70% alcohol (ethanol) at 500 g of
fresh leaves or 400 g of dried root for every 2.652 L of alcohol/water proportion [40] with modifications.

Extract drying was performed by spray drying using the Mini-spray dryer MSDi 1.0 (Labmaq do Brasil)
using a 1.2-mm spray nozzle under the following operating conditions: (a) Flow control: 500 mL/h; (b) inlet

temperature: 130 +2 °C; (c) outlet temperature: 74 =2 °C; (d) atomization air flow: 45 L/min; and (e) blower
flow: 1.95 m /min. The spray drying process consists of a product that is in the liquid state changing to a solid
state in powder form by passing through a heated medium under continuous operation [41].

1.3. Chemical Analysis

1.3.1. Preliminary Phytochemical Analysis

The extracts were subjected to preliminary phytochemical analysis based on qualitative methods proposed
by [42]. In these experiments, characterization of the main metabolite classes was performed by chemical
reactions, with the addition of specific reagents resulting in color changes and/or precipitate formations
characteristic of the following metabolite classes: Alkaloids, steroids, phenols, flavonoids, tannins, and
triterpenoids. All experiments were performed in triplicates and the secondary metabolite classes present in the
extracts were classified as present (+) or absent (-).

1.3.2. Compound ldentification by Ultra-Performance Liquid Chromatography Coupled to
Quadrupole/Time of Flight System (UPLC-MS-ESI-QTOF)

Identification of the compounds present in the extracts was performed in an Acquity® UPLC system
coupled to a Quadrupole/Time of Flight (QTOF) system (Waters Corporation, Milford, MA, USA),
provided by the Chemical and Natural Products Laboratory, Embrapa Tropical Agroindustry (Fortaleza,
Ceara). Chromatographic runs were performed with a Waters A(:quity® UPLC BEH column (150 x2.1 mm; 1.7
um), a fixed temperature of 40 °C, mobile phases with 0.1% formic acid (A) and acetonitrile with 0.1%
formic acid (B), gradient ranging from 2% to 95% B (15 min), 0.4 mL/min flow rate, and 5 pL injection
volume. The ESI~ mode was obtained in the 110-1180 Da range with a fixed source temperature of 120 °C,
350 °C desolvation temperature, 500 L/h desolvation gas flow, 0.5 V extraction cone, and 2.6 kV capillary
voltage. Leucine encephalin was used as the lock mass. The MSE (high energy mass spectrometry)
acquisition mode was used. The instrument was controlled by the Ma\sslynx® 4.1 software (Waters
Corporation, Milford, USA).
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1.4. Antifungal Assays

1.4.1. Microorganisms, Culture Media, Inoculum Preparation, and Drugs and Reagents Used

Two standard strains, Candida albicans-CA INCQS 40006 and Candida tropicalis-CT INCQS 40042,
obtained from the Oswaldo Cruz Culture Collection of the National Institute for Quality Control in Health
(INCQS) and two clinical isolates, Candida albicans-CA URM 5974 and Candida tropicalis-CT URM 4262,
provided by the Recife Micoteca University (URM) from the Federal University of Pernambuco—-UFPE were
used to evaluate antifungal activity.

The Sabouraud Dextrose Agar (SDA) solid medium, prepared according to the manufacturer’s
instructions, and the doubly concentrated Sabouraud Dextrose Broth (SDB) liquid medium, purchased from

HIMEDIA®, were used. The Potato Dextrose Agar (PDA) medium, purchased from Difco®, depleted by
dilution and added to agar was used for the fungal morphology analysis. The media were solubilized with

distilled water and autoclaved at 121 °C for 15 min.

All strains were initially kept in refrigerated (8 °C) slanted SDA at the Cariri Applied Mycology
Laboratory-LMAC of the Regional University of Cariri-URCA. For microdilution assays, strains were
initially cultivated on SDA media at 37 °C for 24 h. Cell suspensions were then prepared in tubes
containing 4 mL of sterile saline solution (0.9% NaCl) and their turbidity was compared and adjusted
according to the MacFarland 0.5 scale [43].

Dimethyl sulfoxide (DMSO-Vetec) was used for the dilution of the extracts and the antifungal
fluconazole 150 mg (prati-donaduzzi), diluted in water, was used as the commercial drug reference in the tests.
For the initial extract solution preparations, 0.15 g were weighed and solubilized in 1 mL of DMSO. The
extracts and fluconazole were then further diluted in sterile distilled water to obtain the desired test
concentration (16,384 pg/mL).

1.4.2. 1Cso Determination and Cell Viability Curve

This assay was performed using the broth microdilution technique in 96-well plates. Each well was filled
with the medium and inoculum, followed by the extracts and fluconazole, before being individually
microdiluted (81,92 to 8 pg/mL). The last well was reserved as a growth control, all tests were performed in
quadruplicate [44], with changes in concentration. Natural product and fluconazole dilution controls (with 0.9%
sodium chloride solution instead of inoculum) and sterility controls were also performed. The plates were
incubated at 37 °C for 24 h, then read on an ELISA spectrophotometer (Kasuaki-DR-200Bs-Bl) at awavelength
of 450 nm. Results from the absorbance were used to construct the cell viability curve; from the mean cell viability
curve, the 1Cso values of the extracts and fluconazole were calculated [45].

1.4.3. Minimum Fungicidal Concentration (MFC) Determination

For this test, a sterile rod was introduced into each well of the microdilution test plate (except for the
sterility control), where after homogenization of the medium contained in the well, a petri dish with SDA was
sub-cultured by transferring a small aliquot of the test solution (medium +inoculum + natural product). The
plates were incubated at 37 °C for 24 h and checked for Candida colony growth or lack thereof [46], with
modifications. The MFC was defined as the lowest natural product concentration capable of inhibiting the
growth of fungal colonies.

1.4.4. Evaluation of the Modifying Effect of Fluconazole Action

The combination of the extracts with the reference drug (fluconazole) was performed to verify whether
the antifungal action was modified by the presence of the extract in the medium. Solutions containing the
extracts were tested at a sub-inhibitory concentration (MFC/16), according to the methodology used by [47],
with changes in concentrations. If the extracts potentiated the action of the antifungal, the observed effect
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was considered to be synergistic; however, if it impaired its action, it was considered to be an antagonistic
effect. Fluconazole was microdiluted ata 1:1 proportion up to the penultimate well. Sterility controls were also
performed. All tests were performed in quadruplicate. The plates were incubated at 37 °C for 24 h. The
readings were performed in an ELISA spectrophotometry device (Kasuaki-DR-200Bs-Bl) [45].

1.4.5. Effect of the Extracts and Fluconazole on Candida Morphological Transition

Microculture chambers were used to verify changes in fungal morphology by the extracts and
fluconazole through the reduction or prevention of hyphae development. The extracts and fluconazole were
individually evaluated at different concentrations (HCE-8192 pg/mL, HCE/4-2048 pg/mL, and HCE/16-512
pg/mL, where HCE is the highest concentration evaluated by microdilution). The tests were performed
according to [48,49], with modifications: Two parallel striae were made in the solid medium (PDA), which
were subsequently covered with a sterile cover slip. For comparative purposes, growth controls as well as
fluconazole antifungal controls were performed. The chambers were incubated for 24 h (37 °C), inspected, and
recorded by an optical microscope (AXIO IMAGER M2-3525001980-ZEISS-Germany) using a 20X
objective. The Zen 2.0 software was used to measure hyphae and pseudohyphae extensions, where images
were taken from each complete stria, with five random images being selected from these, according to the
concentration. The values were used for statistical analysis [50].

1.5. Statistical Analysis

A two-way ANOVA was applied to each sample, comparing the values for each extract concentration,
with Bonferroni’s post hoc test, in which p < 0.05 and p < 0.0001 were considered significant while p >0.05
was not significant. 1Cso values were obtained by nonlinear regression with unknown interpolation of standard
curves obtained from fungal growth values as a function of the extract concentration, expressed in pg/mL.
Statistical analysis was performed using the Graphpad Prism software, version 6.0.

Measurement of the complete striae borders, as well as of the regions where hyphal growth was
observed, was performed for virulence analysis. Then, measurements of all hyphal filaments identified in five
randomly selected regions from each striae and concentration were performed. Hyphal filament length was
averaged and analyzed by ANOVA followed by Bonferroni’s correction for multiple comparisons according
to the product concentration [50].

5. Conclusions

Preliminary phytochemical analysis of the extracts detected the presence of phenolic and flavonoid
compounds in both extracts. The activity of the extracts against the tested strains was not clinically relevant
since direct contact growth inhibition only began at high concentrations. In the fluconazole modulatory assay,
the extracts presented synergistic effects with some concentrations. The natural product inhibited hyphal and
pseudohyphal growth in the fungal morphological transition assay, depending on the tested concentrations.

Studies on the modulatory and morphological activity of S. tuberosa extracts are rare, with the present
study being the first to report on these activities, as well as to report on the analysis of S. tuberosa extracts by high
performance liquid chromatography. Thus, research addressing the mechanisms of action of these extracts and
the bioactivity of their chemical constituents is necessary to better explore the pharmacological potential of the
species.

Author Contributions: Conceptualization, A.T.L.d.S., M.l., M.F.B.M.-B. and H.D.M.C.; Data curation,
AT.Ld S, JNP.C. and HD.M.C.; Formal analysis, JN.P.C., R.P.d.C., D.LS. JCA., W.dOA,
J.G.M.d.C.,, PRV.R, E.S.d.B,, F.L.AB., F.E.AM. and M.F.B.M.-B.; Investigation, H.D.M.C.; Methodology,
AT.L.dS.,JNPC,RPdC,D.LS, JCA, WdO.A, JGMddC, PRVR, ES.dB., FLAB., FEAM.
and M.F.B.M.-B.; Supervision, M.l.; Validation, H.D.M.C.; Writing—original draft, A.T.L.d.S., M.F.B.M.-B.
and H.D.M.C.; Writing—review & editing, M.1., M.F.B.M.-B. and H.D.M.C.

32



Antibiotics 2019, 8,240 330f 14

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Zarrinfar, H.; Kaboli, S.; Dolatabadi, S.; Mohammadi, R. Rapid detection of Candida species in bronchoalveolar lavage
fluid from patients with pulmonary symptoms. Braz. J. Microbiol. 2016, 47, 172-176. [CrossRef] [PubMed]
Navarro-Arias, M.J.; Hernandez-Chavez, M.J.; Garcia-Carnero, L.C.; Amezcua-Hernandez, D.G.;

Lozoya-Pérez, N.E.; Estrada-Mata, E.; Martinez-Duncker, I.; Franco, B.; Mora-Montes, H.M. Differential
recognition of Candida tropicalis, Candida guilliermondii, Candida krusei, and Candida auris by human innate
immune cells. Infect. Drug Resist. 2019, 12, 783-794. [CrossRef] [PubMed]

Sharma, J.; Rosiana, S.; Razzaq, I.; Shapiro, R.S. Linking cellular morphogenesis with antifungal treatment and
susceptibility in candida pathogens. J. Fungi 2019, 5, 17. [CrossRef] [PubMed]

Vieira, A.J.H.; Santos, J.I. Mecanismos de resisténcia de Candida albicans aos antiflngicos anfotericina B,
fluconazol e caspofungina. RBAC 2017, 49, 235-239. [CrossRef]

Murugesh, J.; Annigeri, R.G.; Mangala, G.K.; Mythily, P.H.; Chandrakala, J. Evaluation of the antifungal efficacy of
different concentrations of Curcuma longa on Candida albicans: An in vitro study. J. Oral Maxillofac. Pathol. 2019,
23, 305. [CrossRef]

De Faria Goes, T.Z.; Gongalves, AP.P.; Cunha, P.N.A; de Deus Vieira, G.; Nicolete, R.; Hernandez, A.E.F.; Teles,
C.B.G. Prospeccdo fitoquimica e antimicrobiana dos extratos de Lantana Camara L. e Lantana Trifolia L.(Prospecgéo
fitoquimica e antimicrobiana de L. Camara e L. Trifolia). Saber Cient. 2016, 5, 1-11.

Albuquerque, H.; Dias, J.; Dantas, R.; Cabral, I.; Medeiros, A.; Santos, V. POTENCIAL ATIVIDADE
ANTIULCEROGENICA DA ESPECIE Spondias mombin. J. Biol. Pharm. Agric. Manag. 2015, 10, 26-29.

Florado Brasil 2020 em construgdo. Jardim Botanico do Rio de Janeiro. Available online:http: //floradobrasil.
jbrj.gov.br/reflora/floradobrasil/FB4405(accessed on 23 September 2019).

Da Silva Siqueira, E.M.; Félix-Silva, J.; de Araljo, L.M.L.; Fernandes, J.M.; Cabral, B.; Gomes, J.A.D.S.; de Araljo
Roque, A.; Tomaz, J.C.; Lopes, N.P.; de Freitas Fernandes-Pedrosa, M.; et al. Spondias tuberosa (Anacardiaceae)
leaves: Profiling phenolic compounds by HPLC-DAD and LC-MS/MS and in vivo anti-inflammatory activity.
Biomed. Chromatogr. 2016, 30, 1656-1665. [CrossRef]

Siqueira, E.M.D.S. Spondias Tuberosa Arr. (UMBU): Estudo Fitoquimico e Avaliacdo do Potencial Anti-Inflamatorio;
Universidade Federal do Rio Grande do Norte: Natal, Brasil, 2015.

Zeraik, M.L.; Queiroz, E.F.; Marcourt, L.; Ciclet, O.; Castro-Gamboa, I.; Silva, D.H.S.; Cuendet, M.; da Silva
Bolzani, V.; Wolfender, J.L. Antioxidants, quinone reductase inducers and acetylcholinesterase inhibitors from
Spondias tuberosa fruits. J. Funct. Foods 2016, 21, 396-405. [CrossRef]

Da Silva, A.R.A.; De Morais, S.M.; Mendes Marques, M.M.; De Oliveira, D.F.; Barros, C.C.; De Almeida, R.R.;
Vieira, I.G.P.; Guedes, M.I.F. Chemical composition, antioxidant and antibacterial activities of two Spondias species
from Northeastern Brazil. Pharm. Biol. 2012, 50, 740-746. [CrossRef]

Almeida, A.L.S.; Albuquerque, UP.; Castro, C.C. Reproductive biology of Spondias tuberosa Arruda
(Anacardiaceae), an endemic fructiferous species of the caatinga (dry forest), under different management conditions
in northeastern Brazil. J. Arid Environ. 2011, 75, 330-337. [CrossRef]

Silva, A.R.A.; Morais, S.M.; Marques, M.M.M.; Lima, D.M.; Santos, S.C.C.; Almeida, R.R.; Vieira, .G.P.; Guedes,
M.LF. Antiviral activities of extracts and phenolic components of two spondias species against dengue virus. J.
Venom. Anim. Toxins Incl. Trop. Dis. 2011, 17, 406-413.

Lasano, N.F.; Hamid, A.H.; Karim, R.; Dek, M.S.P.; Shukri, R.; Shazini Ramli, N. Nutritional composition, anti-
diabetic properties and identification of active compounds using UHPLC-ESI-orbitrap-MS/MS in Mangifera odorata
L. peel and seed kernel. Molecules 2019, 24, 320. [CrossRef] [PubMed]

Cunha, A.G.; Brito, E.S.; Moura, C.F.; Ribeiro, P.R.; Miranda, M.R.A. UPLC-qTOF-MS/MS-based phenolic profile
and their biosynthetic enzyme activity used to discriminate between cashew apple (Anacardium occidentale L.)
maturation stages. J. Chromatogr. B 2017, 1051, 24-32. [CrossRef] [PubMed]

Shoko, T.; Maharaj, V.J.; Naidoo, D.; Tselanyane, M.; Nthambeleni, R.; Khorombi, E.; Apostolides, Z. Anti-aging
potential of extracts from Sclerocarya birrea (A. Rich.) Hochst and its chemical profiling by UPLC-Q-TOF-MS.
BMC Complement. Altern. Med. 2018, 18, 54. [CrossRef] [PubMed]

33


http://dx.doi.org/10.1016/j.bjm.2015.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26887241
http://dx.doi.org/10.2147/IDR.S197531
http://www.ncbi.nlm.nih.gov/pubmed/31040708
http://dx.doi.org/10.3390/jof5010017
http://www.ncbi.nlm.nih.gov/pubmed/30795580
http://dx.doi.org/10.21877/2448-3877.201600407
http://dx.doi.org/10.4103/jomfp.JOMFP_200_18
http://floradobrasil.jbrj.gov.br/reflora/floradobrasil/FB4405
http://floradobrasil.jbrj.gov.br/reflora/floradobrasil/FB4405
http://dx.doi.org/10.1002/bmc.3738
http://dx.doi.org/10.1016/j.jff.2015.12.009
http://dx.doi.org/10.3109/13880209.2011.627347
http://dx.doi.org/10.1016/j.jaridenv.2010.11.003
http://dx.doi.org/10.3390/molecules24020320
http://www.ncbi.nlm.nih.gov/pubmed/30654598
http://dx.doi.org/10.1016/j.jchromb.2017.02.022
http://www.ncbi.nlm.nih.gov/pubmed/28285020
http://dx.doi.org/10.1186/s12906-018-2112-1
http://www.ncbi.nlm.nih.gov/pubmed/29415712

Antibiotics 2019, 8,240 34 0f 14

18.

19.

20.

21.

22,

23.

24.

25.

26.

27,

28.

29.

30.

31.

32.

33-

34-

35-

Dos Reis Luz, L.; Porto, D.D.; Castro, C.B.; Silva, M.F.S.; de Godoy Alves Filho, E.; Canuto, K.M.; de Brito, E.S.;
Becker, H.; do O Pessoa, C.; Zocolo, G.J. Metabolomic profile of Schinopsis brasiliensis via UPLC-QTOF-MS for
identification of biomarkers and evaluation of its cytotoxic potential. J. Chromatogr. B 2018, 1099, 97-109.
[CrossRef]

Ramirez, J.; Zambrano, R.; SepUlveda, B.; Simirgiotis, M. Antioxidant properties and hyphenated HPLC-PDA-MS
profiling of chilean Pica mango fruits (Mangifera indica L. cv. piquefio). Molecules 2014, 19, 438-458. [CrossRef]
Da Rocha, P.D.S.; de Araljo Boleti, A.P.; do Carmo Vieira, M.; Carollo, C.A.; da Silva, D.B.; Estevinho, L.M.; dos
Santos, E.L.; de Picoli Souza, K. Microbiological quality, chemical profile as well as antioxidant and antidiabetic
activities of Schinus terebinthifolius Raddi. Comp. Biochem. Phys. C 2019, 220, 36-46.

Sayed, E.A.; Martiskainen, O.; Sinkkonen, J.; Pihlaja, K.; Ayoub, N.; Singab, A.E.N.; El-Azizi, M. Chemical
composition and bioactivity of Pleiogynium timorense (Anacardiaceae). Nat. Prod. Commun. 2010, 5,
1934578X1000500410. [CrossRef]

Cadiz-Gurrea, M.D.L.L.; Lozano-Sanchez, J.; Fernandez-Ochoa, A.; Segura-Carretero, A. Enhancing the Yield

of Bioactive Compounds from Sclerocarya birrea Bark by Green Extraction Approaches. Molecules 2019, 24, 966.

Galvao, W.A; Braz Filho, R.; Canuto, K.M.; Ribeiro, P.R.V.; Campos, A.R.; Moreira, A.C.0.M.; Silva, S.O,;
Mesquita Filho, F.A;; Santos, S.A.A.R.; Junior, J.M.; et al. Gastroprotective and anti-inflammatory activities
integrated to chemical composition of Myracrodruon urundeuva Alleméao-A conservationist proposal for the species.
J. Ethnopharmacol. 2018, 222, 177-189. [CrossRef]

Uchba, A.D.A.; Oliveira, W.F.; Pereira, A.P.C.; Silva, A.G.; Cordeiro, B.M.P.C.; Malafaia, C.B.; Almeida, CM.A.;
Silva, N.H.; Albuquerque, J.F.C.; Silva, M.V.; et al. Antioxidant Activity and Phytochemical Profile of Spondias
tuberosa Arruda Leaves Extracts. Am. J. Plant Sci. 2015, 6, 3038-3044. [CrossRef]

Chaves, T.P.; Clementino, E.L.C.; de Castro Felismino, D.; Silva, H.; Santos, J.S.; de Medeiros, A.C.D.
Phytochemical composition and antimicrobial and toxicological activity of Spondias mombin L.(jobo). Rev. Cuba.
Plantas Med. 2018, 23,1-5.

Da Costa Cordeiro, B.M.P.; De Lima Santos, N.D.; Ferreira, M.R.A.; De Aradjo, L.C.C.; Junior, AR.C.; Da
Conceicdo Santos, A.D.; De Oliveira, A.P.; Da Silva, A.G.; Da Silva Falcdo, E.P.; Dos Santos Correia, M.T.; et al.
Hexane extract from Spondias tuberosa (Anacardiaceae) leaves has antioxidant activity and is an anti-Candida agent by
causing mitochondrial and lysosomal damages. BMC Complement. Altern. Med. 2018, 18, 1-10. [CrossRef]
[PubMed]

De Brito Costa, E.M.M.; Barbosa, A.S.; Florentino, V.G.B.; da Silva, J.D.F.; Trovdo, D.M.D.B.M.; de Medeiros,
A.C.D. In vitro antimicrobial activity of plant extracts of semi-arid region of Paraiba, PB, Brazil. Rev. Odonto
Ciéncia 2013, 28,101-104.

Simdes, C.M.O.; Schenkel, E.P.; Gosmann, G.; Mello, J.C.P.; Mentz, L.A.; Petrovick, P.R. Farmacognosia: Da
planta ao medicamento; UFRGS: Porto Alegre, Brasil; UFSC: Florianopolis, Brasil, 2002.

Stoilova, 1.; Gargova, S.; Stoyanova, A.; Ho, I. Antimicrobial and antioxidant activity of the polyphenol mangiferin.
Herba Pol. 2005, 1, 2706-2716.

Muthamil, S.; Balasubramaniam, B.; Balamurugan, K.; Pandian, S.K. Synergistic effect of quinic acid derived

from syzygium cumini and undecanoic acid against candida spp. Biofilm and virulence. Front. Microbiol.

2018, 9, 2835. [CrossRef]

Espino, M.; Solari, M.; de los Angeles Fernandez, M.; Boiteux, J.; Gomez, M.R.; Silva, M.F. NADES-mediated folk
plant extracts as novel antifungal agents against Candida albicans. J. Pharm. Biomed. Anal. 2019, 167, 15-20.
[CrossRef]

Sung, W.S.; Lee, D.G. Antifungal action of chlorogenic acid against pathogenic fungi, mediated by membrane
disruption. Pure Appl. Chem. 2010, 82, 219-226. [CrossRef]

Martinez, G.; Regente, M.; Jacobi, S.; Del Rio, M.; Pinedo, M.; de la Canal, L. Chlorogenic acid is a fungicide

active against phytopathogenic fungi. Pestic. Biochem. Physiol. 2017, 140, 30-35. [CrossRef]

Temitope, 0.0.; Ogunmodede, A.F.; Fasusi, O.A.; Thonda, A.O.; Odufunwa, A.E. Synergistic Antibacterial and
Antifungal Activities of Spondias mombin Extracts and Conventional Antibiotic and Antifungal Agents on Selected
Clinical Microorganisms. Sch. J. Appl. Med. Sci. 2017, 5, 307-318.

Cristofoli, N.L.; Lima, C.A.R.; Vieira, M.M.C.; Andrade, K.S.; Ferreira, S.R.S. Antioxidant and antimicrobial
potential of cajazeira leaves (Spondias mombin) extracts. Sep. Sci. Technol. 2019, 54, 580-590. [CrossRef]

34


http://dx.doi.org/10.1016/j.jchromb.2018.09.019
http://dx.doi.org/10.3390/molecules19010438
http://dx.doi.org/10.1177/1934578X1000500410
http://dx.doi.org/10.1016/j.jep.2018.04.024
http://dx.doi.org/10.4236/ajps.2015.619298
http://dx.doi.org/10.1186/s12906-018-2350-2
http://www.ncbi.nlm.nih.gov/pubmed/30340567
http://dx.doi.org/10.3389/fmicb.2018.02835
http://dx.doi.org/10.1016/j.jpba.2019.01.026
http://dx.doi.org/10.1351/PAC-CON-09-01-08
http://dx.doi.org/10.1016/j.pestbp.2017.05.012
http://dx.doi.org/10.1080/01496395.2018.1508233

36.

37-

38.

39-

40.
41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

Anand, G.; Ravinanthan, M.; Basaviah, R.; Shetty, A. In vitro antimicrobial and cytotoxic effects of
Anacardium occidentale and Mangifera indica in oral care. J. Pharm. Bioallied Sci. 2015, 7, 69-74.
[PubMed]

Da Silva, R.A.; Liberio, S.A.; do Amaral, F.M.M.; do Nascimento, F.R.F.; Torres, L.M.B.; Neto, V.M.;
Guerra, R.N.M. Antimicrobial and Antioxidant Activity of Anacardium occidentale L. Flowers in
Comparison to Bark and Leaves Extracts. J. Biosci. Med. 2016, 4, 87-99.

Houghton, P.J.; Howes, M.J.; Lee, C.C.; Steventon, G. Uses and abuses of in vitro tests in ethnopharmacology:
Visualizing an elephant. J. Ethnopharmacol. 2007, 110, 391-400. [CrossRef]

Andrade, J.C.; da Silva, ARR.P.; dos Santos, A.T.L.; Freitas, M.A.; de Matos, Y.M.L.S.; Braga, M.F.B.M;
Bezerra, C.F.; Gongalo, M.I.P.; Gomez, M.C.V.; Rolém, M. Chemical composition, antiparasitic and cytotoxic
activities of aqueous extracts of Ziziphus joazeiro Mart. Asian Pac. J. Trop. Biomed. 2019, 9, 222.

Matos, F.J.A. Farmacias Vivas, 4th ed.; Editora UFC: Fortaleza, Brasil, 2020; pp. 36-40.

Masters, K. Spray Drying Handbook, 5th ed.; Longman Scientific & Technical: New York, NY, USA, 1991.
Sousa, E.O.; Miranda, C.M.B.A.; Nobre, C.B.; Boligon, A.A.; Athayde, M.L.; Costa, J.G.M. Phytochemical
analysis and antioxidant activities of lantana camara and lantana montevidensis extracts. Ind. Crop. Prod.
2015, 70, 7-15. [CrossRef]

Souza, E.L.; Stamford, T.L.M.; Lima, E.O.; Trajano, V.N. Effectiveness of Origanum vulgare L. essential oil to
inhibit the growth of food spoiling yeasts. Food Control 2007, 18, 409-413. [CrossRef]

Javadpour, M.M.; Juban, M.M.; Lo, W.C.J,; Bishop, S.M.; Alberty, J.B.; Cowell, S.M.; Alberty, J.B.; Cowell,
S.M.; Becker, C.L.; McLaughlin, M.L. De novo antimicrobial peptides with low mammalian cell toxicity. J.
Med. Chem. 1996, 39, 3107-3113. [CrossRef]

Morais-Braga, M.F.B.; Sales, D.L.; Carneiro, J.N.P.; Machado, A.J.T.; dos Santos, A.T.L.; de Freitas, M.A.;
Martins, G.M.D.A.B.; Leite, N.F.; de Matos, Y.M.L.; Tintino, S.R.; et al. Psidium guajava L. and Psidium
brownianum Mart ex DC.: Chemical composition and anti—Candida effect in association with fluconazole.
Microb. Pathog. 2016, 95, 200-207. [CrossRef]

Ernst, E.J.; Klepser, M.E.; Ernst, M.E.; Messer, S.A.; Pfaller, M.A. In vitro pharmacodynamic properties of
MK-0991 determined by time-kill methods. Diagn. Microbiol. Infect. Dis. 1999, 33, 75-80. [CrossRef]
Coutinho, H.D.M.; Costa, J.G.M.; Lima, E.O.; Falcdo-Silva, V.S.; Siqueira, J.P. Enhancement of the antibiotic
activity against a multiresistant Escherichia coli by Mentha arvensis L. and chlorpromazine. Chemotherapy

2008, 54, 328-330. [CrossRef] [PubMed]

Sidrim, J.J.C.; Rocha, M.F.G. Micologia Médica a Luz de Autores Contemporaneos; Rio de Janeiro:
Guanabara Koogan, Brazil, 2010; p. 388.

Mendes, J.M. Investigacdo da Atividade Antifingica do Oleo Essencial de Eugenia Caryophyllata Thunb.
Sobre Cepas de Candida Tropicalis; UFPB: Jodo Pessoa, Brazisil, 2011; p. 74.

Pereira Carneiro, J.N.; da Cruz, R.P.;daSilva, J.C.P.; Rocha, J.E.; de Freitas, T.S.; Sales, D.L.; Bezerra, C.F.; de
Oliveira Almeida, W.; da Costa, J.G.M.; da Silva, L.E.; et al. Piper diospyrifolium Kunth.: Chemical
analysis and antimicrobial (intrinsic and combined) activities. Microb. Pathog. 2019, 136, 103700. [CrossRef]
[PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open
@ ® access article distributed under the terms and conditions of the Creative Commons

Attribution  (CC  BY) license  (http://creativecommons.org/licenses/by/4.0/)

35


http://www.ncbi.nlm.nih.gov/pubmed/25709341
http://dx.doi.org/10.1016/j.jep.2007.01.032
http://dx.doi.org/10.1016/j.indcrop.2015.03.010
http://dx.doi.org/10.1016/j.foodcont.2005.11.008
http://dx.doi.org/10.1021/jm9509410
http://dx.doi.org/10.1016/j.micpath.2016.04.013
http://dx.doi.org/10.1016/S0732-8893(98)00130-8
http://dx.doi.org/10.1159/000151267
http://www.ncbi.nlm.nih.gov/pubmed/18698137
http://dx.doi.org/10.1016/j.micpath.2019.103700
http://www.ncbi.nlm.nih.gov/pubmed/31472258
http://creativecommons.org/licenses/by/4.0/

CAPITULO 3

MANUSCRISTO NA NORMA DA REVISTA JOURNAL OF
ETHNOPHARMACOLOGY

https://www.journals.elsevier.com/journal-of-ethnopharmacology

Qualis em Biodiversidade: Al

Fator de Impacto: 3.414

36



COMPARATIVE ANTIFUNGAL ACTIVITY OF THE Spondias tuberosa
ARRUDA AQUEOUS LEAF AND ROOT EXTRACTS AND UPLC-MS-ESI-
QTOF ANALYSIS

Antonia Thassya Lucas dos Santos?; Joara Nalyda Pereira Carneiro?; Rafael Pereira da
Cruz?; Débora Lima Sales?; Jacqueline Cosmo Andrade®; Maria Audilene Freitas®;
Marta Regina Kerntopf?; Gyllyandeson de Aradjo Delmondes?; Paulo Riceli
Vasconcelos Ribeiro®, Edy Sousa de Brito®; Francisco Lucas Alves Batista?, Francisco
Ernani Alves Magalhdes®; Maria Flaviana Bezerra Morais-Braga®; Henrique Douglas

Melo Coutinho®*

a: Regional University of Cariri — URCA, Crato - CE, Brazil

b: Federal University of Cariri - UFCA, Brejo Santo Campus, Brejo Santo - CE, Brazil

¢: Embrapa Tropical Agroindustry, Fortaleza - CE, Brazil

d: State University of Ceara - Taua Campus, Taua - CE, Brazil

e: Federal University of Pernambuco - University City, Recife-PE, Brazil

*Corresponding author: Henrique Douglas Melo Coutinho, Regional University of Cariri, Department of
Biological Chemistry, Av. Cel. Antonio Luiz, 1161, 63105-000, Crato, CE, Brazil.

E-mail addresses: hdmcoutinho@gmail.com (H.D.M. Coutinho).

ABSTRACT

Ethnopharmacological relevance: Spondias tuberosa Arruda (umbu) is an endemic
Caatinga plant used in popular medicine to treat infections, inflammation, digestive
disorders and female discharge, these being symptoms that may be associated with the
effects of a Candida spp. infection. This study aimed to identify the chemical
composition of the S. tuberosa aqueous leaf and root extracts (EALST and EARST) and
to evaluate their effect, comparatively, against opportunistic pathogenic fungi.

Materials and methods: Ultra-Performance Liquid Chromatography Coupled to a
Quadrupole/Time of Flight System (UPLC-MS-ESI-QTOF) was employed for chemical
analysis. Candida albicans and C. tropicalis standard strains and clinical isolates were
used (CA INCQS 40006, CT INCQS 40042, CA URM 5974 and CT URM 4262). The
50% Inhibitory Concentration for the fungal population (ICsp) was determined for both
the intrinsic action of the extracts and the extract/fluconazole (FCZ) associations. The

determination of the Minimum Fungicidal Concentration (MFC) and the verification of
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effects over fungal morphological transitions were performed by subculture in Petri
dishes and humid chambers, respectively, both based on microdilution.

Results: UPLC-MS-ESI-QTOF analysis revealed the presence of phenolic and
flavonoid compounds. The intrinsic leaf extract 1Cso ranged from 8305.3 pg/mL to
16090.9 pg/mL, while the intrinsic root extract ICso varied from 1306.6 pg/mL to
7785.9 pug/mL. The association of the extracts with fluconazole, resulted in ICso values
from 2.62 pg/mL to 308.96 pg/mL. The MFC of the extracts was > 16,384 ug/mL for
all tested strains, while fluconazole obtained a MFC of 8192 pg/mL against Candida
albicans strains. A reduction in MFC against CA URM 5974 (EALST: 2048 ug/mL and
EARST: 1024 pg/mL) occurred in the extract/fluconazole association. A synergistic
effect against the tested strains was observed with some concentrations in the
extract/FCZ microdilution association, where in this test the leaf extract was more
effective against the CA INCQS 40006 strain when compared to the root extract,
however, the root extract was more effective against C. tropicalis strains. As for fungal
morphological transitions, the leaf extract obtained better results than the root extract
since it reduced fungal dimorphism of the tested strains more effectively, although the
effect was dose dependent. However, the root extract at the highest concentration
completely inhibited C. tropicalis strains. 17 compounds were identified in the chemical
analysis, these mostly belonging to the flavonoid class. By combining the extracts with
fluconazole, the MFC and ICso values were reduced, thus increasing the efficacy of the
drug.

Conclusions: In view of the results obtained, the EALST may be an alternative for the
treatment of fungal infections, since it presented similar results to those of the EARST.
Extracts affect fungal morphological transition, preventing the formation of
pseudohyphae and hyphae, despite this being dose dependent, however, further studies
are needed to identify the active compounds and prove their applicability, safety,
mechanism of action and involved genes.

Keywords: Popular medicine, Umbu, Flavonoids, Fluconazole.

1. Introduction

Ethnobiology seeks to explain mankind's knowledge of the environment and the
way in which surrounding natural resources are manipulated (da Silva, 2016). The use

of biological diversity by populations is one of the largest sources of new bioactive
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chemical molecule discoveries, among which medicinal plants stand out for their
richness (Queiroz et al., 2015). It is noteworthy that although the collection and use of
medicinal plants is a common practice in different world cultures, this activity can pose
challenges for the conservation of the used resources (da Silva et al., 2019).

Thus, the local community uses medicinal resources is the first to realize the
reduction of its availability, and for this reason, these individuals are the key holders of
important knowledge which may be used to determine species with priority for
conservation, as well as for the production of strategies that allow their sustainable
exploration (Soldati and de Albuquergue, 2012).

The use of medicinal plants for the purpose of curing diseases has been passed
down from generation to generation. This knowledge contributes significantly to the
propagation of therapeutic plant virtues that are commonly prescribed, despite the lack
of an evaluation of their chemical constituents (Lopez, 2006). Thus, ethnobotanical,
phytochemical and pharmacological studies significantly collaborate to increase the
knowledge surrounding natural products. This is especially due to the search for new
therapeutic resources for the treatment of various diseases and to reduce dissatisfaction
with conventional medicines (Heinzmann and de Barros, 2007; Lopez, 2006).

Spondias tuberosa Arruda is an endemic Caatinga tree, popularly known as
umbu, which serves as medicine, food for pollinators and domestic ruminants, in
addition to producing fruits that are used in natura and processed to produce sweets,
compote, pulps and jellies. Despite its benefits, this plant faces many natural and
anthropogenic threats that may lead to its extinction. Thus, scientific studies can add
value and encourage its preservation (de Freitas Lins Neto et al., 2010; Mertens et al.,
2017).

In popular medicine this species is used to treat infections, digestive disorders
and inflammatory conditions (da Silva Siqueira et al., 2016). The leaves are used to treat
diabetes, constipation, stomach and uterine pain (Jorge et al., 2007; Uchda et al., 2015).
The stem bark is used for migraines, cholesterol control and cicatrization (Junior et al.,
2012; Junior et al., 2014). The root-tubers (infusion) are used to treat female discharge,
a symptom which may be associated with Candida spp. infections (Ribeiro et al., 2014).

The use of S. tuberosa roots by the human population may cause damages in the
future due to anthropic pressure on the species. The roots are vital parts with important
roles in plant survival since they accumulate water and energy reserves. Thus, their

exploitation could cause a decrease in plant populations in their environments (Macédo
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et al., 2013). With this in mind, in order to add chemical and pharmacological
information to the popular knowledge surrounding this species, the objective of this
study was to comparatively identify and evaluate the chemical composition and
antifungal action of the Spondias tuberosa (umbu) aqueous leaf and root extracts

against Candida albicans and Candida tropicalis standard strains and clinical isolates.

2 Materials and methods

2.2 Botanical material collection and identification

The Spondias tuberosa Arruda botanical material was obtained under permission
from the Biodiversity Authorization and Information System - SISBIO under number
64293-1, from the community of Lameiro (07°,15°03.1” South latitude and 39°,
23°48,3” longitude West of Greenwich), in the municipality of Crato, southern Ceara,
Brazil. Leaves and roots were harvested from a total of seven individuals, between
8:00am and 9:30am during June 2018. An exsiccate was produced from the collected
material and a specimen was deposited in the Herbarium Déardano de Andrade Lima
(HCDAL) from the Regional University of Cariri - URCA with the herbarium number
13.728, identified by Professor Ma. Ana Cleide Alcantara Morais Mendonga.

2.3 Extract acquisition

Young leaves and roots, which were cut into smaller fragments to increase their
contact surface with the extractor (water), were used for the preparation of the aqueous
extracts by infusion. The infusion was prepared by pouring boiling water on the leaves,
at a rate of 133.2 g for every two liters of water, with the container being closed and left
to rest for 15 minutes after cooling (Matos, 2002) before subsequent filtration.

The extracts were dried by spray drying with the Mini-spraydryer MSDi 1.0
(Labmag do Brasil), using a 1.2 mm spray nozzle, under operating conditions: a) flow
control: 500 mL/hr; b) inlet temperature: 130 £+ 2 °C; c) outlet temperature: 74 £+ 2 °C;

d) atomization air flow: 45 L/min; e) blower flow rate: 1.95 m*/min (Masters, 1991).
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2.4 Chemical analysis

2.4.1 Preliminary phytochemical analysis

The extracts were submitted to preliminary phytochemical analysis based on
qualitative methods proposed by Sousa et al. (2015). In these experiments,
characterization of the main classes of special metabolites was performed through
chemical reactions that resulted in the development of color and/or precipitates, after the
addition of specific reagents, that are characteristic for the following classes of
metabolites: alkaloids, steroids, phenols, flavonoids, tannins and triterpenoids. Solutions
were prepared by dissolving 1.0 g of each crude extract with 100 mL of distilled water.
Subsequently, 3 mL aliquots from these solutions were added to test tubes to
characterize the groupings. All experiments were performed in triplicates and the

metabolite classes were identified as present (+) or absent (-).

2.4.2 Compound identification by ultra-performance liquid chromatography coupled to
quadrupole/time of flight system (UPLC-MS-ESI-QTOF)

The identification of compounds present in the extracts was performed in an
Acquity® UPLC system coupled to a Quadrupole/Time of Flight Time (QTOF) system
(Waters Corporation, Milford, USA), at the Chemical and Natural Products Laboratory,
Embrapa Tropical Agroindustry (Fortaleza, Ceara, Brazil). Chromatographic runs were
performed on a Waters Acquity® UPLC BEH column (150 x 2.1 mm; 1.7 um), with a
fixed temperature of 40 °C, mobile phases with 0.1% formic acid (A) and acetonitrile
with 0.1% formic acid (B), gradient ranging from 2% to 95% B (15 min), at a flow rate
of 0.4 mL/min and injection volume of 5 pl. The ESI"™ mode was acquired in the 110-
1180 Da range, 120 °C fixed source temperature, 350 °C desolvation temperature, 500
L/h desolvation gas flow and 3.2 kV capillary voltage. The ESI" mode was obtained in
the 110-1180 Da range, 120 °C fixed source temperature, 350 °C desolvation
temperature, 500 L/hr desolvation gas flow, 0.5 V extraction cone and 2.6 kV capillary
voltage. Leucine encephalin was used as lockmass. The acquisition mode used was
MSE (high energy mass spectrometry). The instrument was controlled by Masslynx®
4.1 software (Waters Corporation, Milford, USA).
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2.5 Antifungal assays

2.5.1 Microorganisms

For the antifungal activity evaluation, two Candida albicans - CA INCQS 40006
and Candida tropicalis - CT INCQS 40042 standard fungal strains were obtained from
the Oswaldo Cruz Culture Collection of the National Institute for Quality Control in
Health (INCQS), while the two Candida albicans - CA URM 5974 and Candida
tropicalis - CT URM 4262 clinical isolates were provided by the Recife Micoteca
University (URM) of the Federal University of Pernambuco - UFPE.

2.5.2 Culture media

The Sabouraud Dextrose Agar (SDA) solid medium, prepared according to the
manufacturer's instructions, and the double concentrated Sabouraud Dextrose Broth
(SDB) liquid medium were used for the antifungal activity evaluations. The Potato
Dextrose Agar (PDA) medium, purchased from Difco®, depleted by dilution and
supplemented with agar was used for the fungal morphology analysis. The media were

solubilized with distilled water and autoclaved at 121°C for 15 minutes.

2.5.3 Inoculum preparation

All strains were replicated and initially kept in test tubes containing inclined
SDA, refrigerated at 8 °C, at the Cariri - LMAC Applied Mycology Laboratory of the
Regional University of Cariri - URCA. For the fungal inoculum preparation, these were
first cultured in SDA medium poured into Petri dishes at 37 °C for 24 hours (overnight).
From these, microorganism suspensions were prepared in tubes containing 4 mL of a
sterile solution (0.9% NaCl). These suspensions were then shaken with the aid of a
vortex apparatus and their turbidity was compared and adjusted to that shown by the
McFarland scale 0.5 barium sulfate suspension, which corresponds to an inoculum of
approximately 10° colony-forming units/mL — CFU/mL (Souza et al., 2007). The
inocula were used for intrinsic and drug-combined antifungal activity tests performed

by broth microdilution and Minimum Fungicide Concentration (MFC).
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2.5.4 Used drugs and reagents

Dimethyl sulfoxide (DMSO - Vetec) was used for extract dilution, while the
antifungal fluconazole 150 mg (prati - donaduzzi) was diluted in water and used as a
reference drug for the tests, since it is the most commonly used antifungal in the
Brazilian healthcare system. To prepare the initial extract solution, 0.15 g were weighed
and solubilized in 1 mL of DMSO. Subsequently, the extracts and fluconazole were
further diluted in sterile distilled water to obtain the desired initial concentration for the
tests (16384 pg/mL).

2.5.5 ICso determination and cell viability curve

This experiment was performed using the broth microdilution technique with 96
well plates. Each well was filled with 100 pL of SDB containing 10% fungal inoculum,
followed by 100 pL of the natural product or fluconazole, at the same concentrations,
followed by serial microdilution up to the penultimate well, starting from a
concentration of 8192 to 8 pg/mL. The last well was reserved for the growth control
(Javadpour et al., 1996 with changes in concentration). Dilution controls for the natural
product and fluconazole (with 0.9% sodium chloride solution replacing the fungal
inoculum), as well as media sterility controls, were also performed. All tests were
performed in quadruplicate. The plates were incubated at 37 °C for 24 h and then read
on an ELISA spectrophotometer (Kasuaki - DR - 200Bs - Bl) at a wavelength of 450
nm. The results obtained from the ELISA readings were used to construct the cell
viability curve and determine the 1Cso of the extracts and fluconazole (Morais-Braga et
al., 2016).

2.5.6 Determination of Minimum Fungicidal Concentration (MFC)

A sterile rod was added into each well of the plate used in the microdilution test
following 24 h of incubation and the ELISA reading (except for the sterility control) to
perform this test. After homogenization of the solution contained in the well,
subcultures were performed in a Petri dish containing SDA and a guide card by
transferring a small aliquot from the test solution (medium + inoculum + natural

product). The plates were incubated at 37 °C for 24 hours and checked for growth or
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non-growth of Candida colonies (Ernst et al., 1999 with modifications). The MFC was
defined as the lowest concentration capable of inhibiting fungal colony growth.
2.5.7 Evaluation of the modifying effect over fluconazole action

The effect of combining the extracts with the reference drug (fluconazole) was
performed to verify the potentiating action of the antifungal by the addition of the
extracts. The solutions containing the extracts were tested at sub-inhibitory
concentrations (MFC/16), according to the methodology used by Coutinho et al. (2008),
with changes in concentrations. When natural extracts potentiate the action of the
antifungal, this is considered a synergistic effect, when it impairs the activity of the
drug, this is considered an antagonistic effect. The plates were filled with 100 uL of the
medium + inoculum + extract, being then microdiluted with 100 pL of fluconazole,
where this was mixed into the first well by serial microdilution at a 1:1 ratio up to the
penultimate well. Medium sterility controls were also performed. All tests were
performed in quadruplicates. The plates were incubated at 37 °C for 24 hours. The
readings were performed in an ELISA spectrophotometry device (Kasuaki - DR - 200Bs
- BI) (Morais-Braga et al., 2016).

2.5.8 Effect of the extracts and fluconazole on the micromorphology of Candida spp.

Humid chambers were prepared with sterile microscopy slides for yeast
observation to analyze changes in fungal morphology by the extract and fluconazole via
the inhibition or reduction of hyphae emission. Three mL of depleted PDA medium
with HCE - 8192 pg/mL, HCE/4 - 2048 pg/mL and HCE/16 - 512 pg/mL (Highest
Concentration Evaluated) natural product and fluconazole concentrations were added to
the chambers. Aliquots from the subcultures were taken to make two parallel striations
in the solid medium (PDA), which were subsequently covered with a sterile cover slip.
The chambers were incubated for 24 hours (37 °C), being inspected and recorded by an
optical microscope (AXIO IMAGER M2-3525001980- ZEISS- Germany) using a 20X
objective. A control for yeast growth (nutrient restriction-stimulated hyphae and
pseudohyphae) was performed, as well as a control with the conventional antifungal
fluconazole for comparative purposes. The tests were performed according to Sidrim
and Rocha, (2010) and Mendes, (2011), with modifications. The Zen 2.0 software was

used to measure hyphae and pseudohyphae extensions, where images were taken from
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each complete striae and later five random images from these were used for statistical

analysis (Pereira Carneiro et al., 2019).

2.6 Statistical analysis

A two-way ANOVA was applied to each sample, comparing the values for each
extract concentration, with Bonferroni’s posthoc test, in which p<0.05 and p<0.0001 are
considered significant and p>0.05 is not significant. 1Cso values were obtained by
nonlinear regression with unknown interpolation of standard curves obtained from
fungal growth values as a function of the extract concentration, expressed in pg/mL.
The Graphpad Prism software, version 6.0, was used for statistical analysis.

The measurement of the entire striae edge and the regions where hyphae growth
occurred were performed for virulence analysis. Subsequently, all identified hyphal
filaments were measured from five randomly selected regions of each striae and
concentration. Hyphal filament length was averaged and analyzed by an ANOVA
followed by Bonferroni’s correction for multiple comparisons according to the product

concentration (Pereira Carneiro et al., 2019).

3 Results

The S. tuberosa Aqueous Leaf Extract (EALST) had a yield of 1.59% and the S.
tuberosa Aqueous Root Extract (EARST) had a vyield of 0.78%. Preliminary
phytochemical analysis of the extracts revealed the presence of metabolite classes, such
as: alkaloids, phenols, flavonoids (flavanones, anthocyanins, anthocyanidins,
leucoanthocyanidins, catechins) and triterpenoids (Table 1). The presence of phenols,
flavonoids, triterpenoids and alkaloids prevailed in both extracts, with
leucoanthocyanidins and catechins being detected in the leaf extract. Among the
secondary metabolites investigated, steroids, flavones, flavonols, flavonoids,

flavonones, tannins and xanthones were not detected.
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Table 1 — Preliminary phytochemical analysis of aqueous extracts of leaves and roots of
Spondias tuberosa

Special Metabolite Classes (SMC)
SMC SMC SMC SMC SMC SMC SMC SMC SMC SsSMC

1 2 3 4 5 6 7 8 9 10
EALST + - - + + + - - + +
EARST + - - + - + - - + +

SMC1: Phenols; SMC2: Tannins; SMC3: Flavonoids of the flavone, flavonol and xanthone type; SMC4:
Flavonoids of the anthocyanin and anthocyanidin type; SMC5: Flavanoid of leucoanthocyanidins,
catechins; SMC6: Flavanone type flavanoid; SMC7: Flavanoid type flavanoid; SMC8: Steroids; SMC9:
Triterpenoids; SMC10: Alkaloids; (+): positive; (-): missing

The results from the chromatographic analyzes are shown in Tables 2 and 3,
where compound identification was performed based on their molecular ion mass,
retention time, fragmentation pattern and available data in the literature, shown in order
of elution order, molecular formula, error and major fragments (MS?).

The inhibition of 50% of the microorganismal population (ICso) for the EALST
occurred at high concentrations for all tested strains, while the EARST obtained an 1Cso
of 1306.6 pg/mL against CA URM 5974 and higher values for the other strains, as
shown in Table 4. Fluconazole (FCZ) presented an effect at concentrations ranging from
3.97 pg/mL to 88.08 pug/mL. In the extract/FCZ combination, a synergism was observed
for the EALST + FCZ combination against both C. albicans strains (11.80 and 2.62
pg/mL) and an antagonism was observed against C. tropicalis (177.41 and 308.96
png/mL). For the EARST + FCZ combination an antagonism was observed against CA
URM 5974 (5.46 pg/mL), while a synergism was observed against the other strains
(ranging from 12.68 to 35.62 pg/mL). Despite the high concentrations, the results show
the root extract was more effective than the leaf extract, results which corroborate with
their use by the population.

Table 4 - 50% Inhibitory Concentrations (IC50) of microorganisms (ng/mL) by
aqueous extracts of Spondias tuberosa

CA INCQS CA URM 5974 CT INCQS CT URM 4262

40006 40042
EALST 8305.3 11090.9 16288.03 13335.7
EARST 5344.8 1306.6 6678.9 7785.9
FLUCONAZOLE 22.74 3.97 88.08 47.30
EALST + FCZ 11.80 2.62 177.41 308.96
EARST + FCZ 12.68 5.46 30.42 35.62
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CA: Candida albicans; CT: Candida tropicalis; INCQS: National Institute of Quality Control in Health;
URM: University Recife Mycology; EALST: Aqueous Extract of Spondias tuberosa Leaves; EARST:
Aqueous Extract of Spondias tuberosa Root; FCZ: Fluconazole

In terms of an inhibitory action, as visualized by the cell viability curve, the
extracts were not as effective as fluconazole (Figure 2). The root extract, despite high
concentrations, presented a greater effect than the leaf extract against all tested strains.
The antifungal fluconazole obtained a more effective result with the C. albicans isolate.

The MFC values for the extracts were > 16384 pg/mL against all tested strains
with a fungistatic effect being observed (Table 5). Fluconazole was fungicidal at a
concentration of 8192 pg/mL against C. albicans strains and > 16384 ug/mL against C.
tropicalis strains. In the EALST and EARST combinations with the drug, synergistic
effects were observed against CA URM 5974 at concentrations of 2048 pg/mL and
1024 pg/mL, respectively, as well as CT URM 4262. With the EARST/FCZ
combination, a fluconazole MFC antagonism was observed. With the remaining strains,

the concentrations ranged from 8,192 pg/mL to > 16,384 ug/mL.

Table 5 — Minimum Fungicidal Concentration (MFC) of microorganisms (ug/mL) by
extracts, fluconazole and their combination

CA INCQS CA URM 5974 CT INCQS CT URM 4262

40006 40042
EALST >16.384 >16.384 >16.384 >16.384
EARST >16.384 >16.384 >16.384 >16.384
FLUCONAZOLE 8.192 8.192 >16.384 >16.384
EALST + FCZ 8.192 2.048 >16.384 8.192
EARST + FCZ >16.384 1.024 >16.384 8.192

CA: Candida albicans; CT: Candida tropicalis; INCQS: National Institute of Quality Control in Health;
URM: University Recife Mycology; EALST: Aqueous Extract of Spondias tuberosa Leaves; EARST:
Agueous Extract of Spondias tuberosa Root; FCZ: Fluconazole

In the extract/drug microdilution combinations, the EALST combination with
fluconazole presented a synergistic effect against CA INCQS 40006 (16 pg/mL to 64
pg/mL), CA URM 5974 (8 pg/mL to 16 pg/mL), CT INCQS 40042 (16 pg/mL to 512
pg/mL) and CT URM 4262 (8 pg/mL at 512 pg/mL), with other concentrations
obtaining results similar to fluconazole (Figure 3).

The EARST when combined with fluconazole presented synergism against CA
INCQS 40006 (16 pg/mL to 32 pg/mL), CA URM 5974 (8 pug/mL to 16 pg/mL), CT
INCQS 40042 (8 pg/mL to 256 pg/mL) and CT URM 4262 (8 pug/mL to 512 pg/mL),
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obtaining and a similar curve to that of the used drug for the remainder. In this essay,
the leaf extract was more effective against the CA INCQS 40006 strain when compared
to the root extract. However, the root extract was more effective than the leaf extract
against C. tropicalis strains.

As for the effect on yeast morphological transition, fluconazole inhibited the
tested strains at all concentrations (Figure 4). The EALST inhibited all strains at the
HCE concentration, with a 36.01% reduction in CA INCQS 40006 filament emission,
41.17% in CA URM 5974 and 22.35% in CT URM 4262 at the HCE/4 concentration,
all compared to the growth control. The results were not significant at the lowest
concentration.

The EARST completely inhibited morphological transition of the C. tropicalis
standard and clinical isolate strains at the highest concentration (HCE), causing a
63.32% reduction in filamentation in CA INCQS 40006 and 63.36% in CA URM 5974.
At the HCE/4 concentration, this reduction was of 18.18% for CA URM 5974 and
25.11% for CT URM 4262, with the results being insignificant for the remaining
strains. In the fungal morphology analysis, the leaf extract obtained greater effects than
the root extract against the tested strains.

Figure 5.A shows that in the CA INCQS 40006 growth control, filament
formation with extensive hyphae is evident. Figure 5.B shows the effect of fluconazole
at the lowest concentration (HCE/16), where a total filament reduction can be observed.
The progressive effect of the EALST on C. albicans pleomorphism inhibition can be

seen in Figures 5.C to 5.E.
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Table 2 - UPLC-MS-ESI-QTOF Water Extract Compound Identification by Spondias tuberora (Positive Mode)

Peak Rt [M-H] [M-H] Product Empirical Ppm Putative Name Referéncias
no. min Observed Calculated lons (MS/MS) Formula (error)
1 2.52 214.9169 214.9151 344.8752, 214.9161, 198.9392 C4H7Ss 8.4 No identified -
2 2.67 443.8156 443.1888  381.1805, 281.1358, 119.0361 C21H32010 2.5 Dehydrophaseic acid hexose  Cunha et al. (2017)
3 2.74 477.0002 447.0927  301.0336, 300.0258, 255.0332 C21H20011 0.4 Quercetin 3- O rhamnoside  Cunha et al. (2017)
4 4.19 166.0861 166.0868  166.0867, 163.0409, 120.0829 CoH12NO2 -4.2 No identified -
5 4.35 461.1872 461.1870 285.04, 257.04, 151.00 C21H18012 0.4 Kaempferol glucuronide Sayed et al.( 2010)
6 4.49 447.1198 447.1197 284.03 C21H20011 0.2 Kaempferol hexoside Sayed et al. (2010)
7 4.52 475.1795 475.1816 284.03 C22H20012 -4.4 Kaempferol-6"-methyl- Sayed et al. (2010)
8 4.55 285.1272 285.1279 - C15H1006 -2.5 glucuronide Sayed et al. (2010)
9 4.80 679.2955  679.2966  679.2952, 303.0507, 127.0370 C34H47014 -1.6 Kaempferol -
10 5.49 335.2591  335.2586 183.0415 C15H1209 1.5 No identified da Rocha et al.

Methyl digallate

(2019)

49



Table 3 - UPLC-MS-ESI-QTOF Aqueous Extract Compound from Spondias tuberora Roots (Negative Mode)

Peak Rt [M-H] [M-H] Product Empirical  Ppm Putative Name Referéncias
no. min Observed Calculated lons (MS/MS) Formula  (error)
1 2.89 172.9540 1729519  274.9536, 273.9563, 158.9753  Ci5H1205 7.7 (x)-Naringenin Lasano et al. (2019)
2 3.16 377.0822 377.0812  237.1489, 189.1246, 179.0478 C25H130 2.1 No identified -
3 3.20 341.1040 341.1025  297.2246, 295.2048, 119.0465 4 4.4 Anacardic acid 1 Cunhaet al. (2017)
4 3.51 343.1224  343.1240 299.2344 C22H3003 -4.7 Anacardic acid 2 Cunha et al. (2017)
5 4.55 461.1209  461.1236  257.0848, 229.8624, 151.0033  C2H2103 -5.9 Kaempferol-7-Oglucuronide Cunha et al. (2017)
6 4.66 197.0406 197.0391 199.06, 198.05, 182.0187 C22H21011 7.6 2-Hydroxy-3,4- Lazano et al. (2019)
7 4.89 433.0420 433.0427 300.9944, 271.0716 CoH100s 3.0 dimethoxybenzoic acid Da Rocha et al.
8 5.07 315.0095 315.0082 394.9633, 315.0095, 299.9882 CooH18011 4.1 Quercetin O-pentoside (2019)
9 5.37 345.2204 345.2218 301.2471 C16H1207 -4.1 Rhamnetin Cadiz-Gurrea et
10 5.55 331.2397 331.2426  271.0428, 241.0313, 125.0252  C22H3403 -8.8 Anacardic acid 3 al.(2019)
11 5.92 339.2084  339.2113 - CoH16013 -8.5 Monogalloyl-glucose Cunha et al. (2017)
12 7.00 361.1890 361.1862  317.2411, 255.2323,133.8362  C22H2803 7.8 Caffeoyl-D-glucose Cunha et al. (2017)
13 7.59 537.1879 537.1855 479.2250, 375.048, 211.107 C18H3407 4.5 Giberellin GA19 Cunha et al. (2017)
C3oH17010 Agathisflavone Cunhaet al. (2017)

Galvéo et al. (2018)
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Figure 2 - Cell viability curve of fluconazole and aqueous extracts of Spondias tuberosa against Candida strains
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Figure 3 - Evaluation of the modifying effect of fluconazole action by extracts
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Figure 4 — Effect of extracts and fluconazole on the morphological transition of Candida spp.
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Figure 5 - Demonstrative effect of EASTL and fluconazole on the morphological transition of Candida albicans
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4 Discussion

Qualitative phytochemical studies previously performed with the crude ethanolic
leaf and bark extracts from Spondias sp. and S. tuberosa revealed the presence of
flavonoids, triterpenes and alkaloids, with these classes being found in both extracts in
the present study. In addition, steroid, tannins, terpenoids, saponins, coumarins,
monoterpenes, sesquiterpenes and diterpene compounds were also detected (Barbosa et
al., 2016; de Lima et al., 2017). da Silva Siqueira et al. (2016), also revealed the
presence of phenolic compounds and flavonoids in the S. tuberosa leaf hydroethanolic
extract using the thin layer chromatography technique.

In the study by Santos et al. (2019), the authors analyzed the chemical
composition of the S. tuberosa leaf and root hydroalcoholic extracts by UPLC-MS-ESI-
QTOF, and reported the presence of dehydrophasic hexose acid, caffeine-D-glucose,
(x)-naringenin,  anacardic  acid, kaempferol-7-Oglucuronide,  2-hydroxy-3,4-
dimethoxybenzoic acid, quercetin O-pentoside, ramnetin and monogaloyl glucose.

The aqueous Spondias mangifera Willd. root extract was investigated for its
phytochemistry and revealed the presence of flavonoids, saponins, tannins and phenolic
compounds (Acharyya et al., 2010). Saha, (2019) identified the presence of alkaloids
and flavonoids, similar to those found in the present study, in addition to detecting
tannins, steroids and saponins in the crude S. mombin leaf and fruit extracts.

Santhirasegaram et al. (2015), identified the compounds kaempferol and
monogalloyl-glucose, which were also found in the present analysis, in the LC-MS/MS
analysis of the Mangifera indica L. juice, a species belonging to the same family as S.
tuberosa. In a study using the flavonoid kaempferol, a compound identified in the leaf
extract, its minimum inhibitory concentration (MIC) was determined using the broth
microdilution technique against different species from the Candida genus. The MIC
against C. parapsilosis ranged from 32-128 pg/ml?t, from 32-64 pg/ml? for C.
metapsilosis, and 64 pg/ml for C. orthopsilosis and C. krusei, respectively (dos Santos
da Rocha et al., 2019). Shao et al. (2016), obtained a MICg ranging from 256 pg/mL to
512 pg/mL in a susceptibility test against different C. albicans strains using kaempferol,
where fluconazole ranged from 0.5 pg/mL to 2048 pg/mL.

In popular medicine, S. tuberosa leaves are used for uterine pain (Uchda et al.,
2015) and the root-tubers (infusion) are used to treat female discharge, symptoms that
may be associated with Candida spp. infections (Ribeiro et al., 2014). Based on these
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ethnobotany studies, it is assumed that the S. tuberosa therapeutic form against fungi is
its use in sitz baths and tea administration, where the ingestion of the natural product
may reduce an infection caused by the microorganism.

Santos et al. (2019), observed similar results to those of the aqueous S. tuberosa
extracts when evaluating the S. tuberosa hydroalcoholic leaf and root extracts using the
same techniques and strains in the present study, the results of which corroborate with
the present results showing the S. tuberosa extract presented no fungicidal effect against
Candida strains at different extractions.

De Brito Costa et al. (2013), carried out a study with the S. tuberosa bark
ethanolic extract against different species from the Candida genus using the disk
diffusion technique and found the extract was unable to inhibit the growth of any tested
species.

Species from the same genus as S. tuberosa have been investigated for their
antifungal activity. The aqueous fraction from the Spondias pinnata (L. f.) Kurz. fruit
exocarp was ineffective against C. albicans and Saccharomyces cerevisiae yeasts using
the disk diffusion method (Manik et al., 2013). Islam et al. (2013), obtained an
inhibition of 10 mm and 4 mm, respectively, against C. albicans with the chloroform
and dichloromethane extracts from Spondias dulcis leaves using the same technique. A
study showed a minimum inhibitory concentration (MIC) of 0.0156 mg, 0.2500 mg and
0.2500 myg, respectively, against C. albicans using the Spondias mombin L. leaf, bark
and root aqueous extracts (Umeh et al., 2009).

Some of the mechanisms attributed to fungal pathogenicity are associated with
dimorphism, which is the ability of yeast to grow hyphae or pseudohyphae. Other
characteristics, in addition to this, also contribute to intensify the colonization and
infectious ability of fungal species (Alves et al., 2013; Jacobsen et al., 2012; Ribeiro,
2008).

In a study by Arif et al. (2009), flavonoids present in extracts were capable of
forming complexes with soluble proteins present in the fungal cell walls, as well as
being capable of rupturing the fungal membrane due to their lipophilic nature (Salas et
al., 2011), these also being able to inhibit the budding process and decrease Ca" and H*
homeostasis (Ansari et al., 2013). Thus, the fungal morphology action observed in the
present study was probably due to the presence of these compounds in the extracts. The

difference in results obtained for the different Candida species tested may be associated
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with variations in pathogenicity and virulence between species (Inci et al., 2012;
Muthamil and Pandian, 2016).

Candiracci et al. (2012) found that flavonoids may be responsible for the
reduction in hyphal growth, with the compound kaempferol, which was also detected in
the leaves of the present study, being identified in its honey flavonoid extract.

Yeast virulence inhibition by S. tuberosa extracts may be associated with its
metabolites acting synergistically. However, further studies are required to ascertain
this, since other compounds present in the extracts, in addition to flavonoids, may also

be involved in the process.

5 Conlusions

The S. tuberosa aqueous leaf and root extracts presented in their composition
mainly phenolic and flavonoid compounds, where these may have contributed to the
isolated and synergistic activity observed in the tests. In this study, the leaves and roots
had their bioactive potential scientifically evaluated by tests, where the extracts together
with fluconazole were able to reduce its concentration, increasing the effectiveness of
the drug. The EALST was shown to be more effective than the EARST in fungal
morphology inhibition, an important mechanism of Candida virulence, which may be
important from a plant conservation point of view since the leaves may be a less
harmful usage option and may lower the impact caused by using the species’ roots.
However, further in-depth studies are needed to identify the active compounds and

prove their applicability, safety, mechanism of action and genes involved.
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CAPITULO 4: CONSIDERACOES FINAIS

4.1 PRINCIPAIS CONCLUSOES

Na analise quimica preliminar e na identificacdo por cromatografia liquida de
ultra performance (UPLC-QTOF), os extratos apresentaram uma semelhancga nas suas
composigdes, onde na maioria dos compostos identificados sdo das classes dos
flavonoides e compostos fenodlicos. Sendo este trabalho o primeiro a relatar a
identificacdo dos extratos de Spondias tuberosa por UPLC-QTOF.

Em relacdo aos ensaios microbioldgicos todos os extratos tiveram efeito
fungistatico frente a cepas testadas. Na ICso 0 EARST e EHFST obtiveram resultados
melhores que EAFST e EHRST apesar dos valores elevados. Na combinacdo com o
fluconazol os extratos foram capaz de potencializar a acdo da droga em algumas
concentragfes. No dimorfismo fangicos os extratos foram eficaz com as linhagens
testadas apesar do efeito progressivo, onde quem se destacou foi o EAFST e EHFST.
Dessa maneira, 0s extratos das folhas sdo uma alternativa de uso popular, pois

obtiveram resultados melhores ou semelhantes aos extratos das raizes.

Contudo pesquisas futuras com outras técnicas que possibilitem a identificacdo
de novos constituintes e o isolamentos dos compostos sdo necessarios para um melhor
entendimento e quantitativo de compostos presentes destes extratos, bem como sua

aplicabilidade e mecanismos de agéo.
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ANEXO 3: Parecer com autorizacdo da pesquisa pelo Sistema de Autorizacdo e

Informacgéo em Biodiversidade (SISBIO)

Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservacao da Biodiversidade - ICMBio
Sistema de Autorizagéo e Informacéo em Biodiversidade - SISBIO

Autorizacédo para atividades com finalidade cientifica
Numero: 64293-1 Data da Emissdo: 11/07/2018 15:03 Data para Revalidagdo*: 10/08/2019

* De acordo com o art. 28 da IN 03/2014, esta autoriza¢éo tem prazo de validade equivalente ao previsto no cronograma de atividades do projeto,
mas devera ser revalidada anualmente mediante a apresentacéo do relatério de atividades a ser enviado por meio do Sisbio no prazo de até 30 dias

a contar da data do aniversario de sua emisséo.

Dados do titular

Nome: Antonia Thassya Lucas dos Santos CPF: 033.936.893-47

Titulo do Projeto: Efeito antifuingico de Spondias tuberosa Arr. Cam. (umbu) frente a leveduras do género Candida

Nome da Institui¢éo : Universidade Regional do Cariri CNPJ: 06.740.864/0001-26

Cronograma de atividades

[Z] Descrigdo da atividade [ Inicio (més/ano) [Fim (més/ano) |
| 1| Coleta de material botanico [ 08/2018 | 09/2018 |

Observacdes e ressalvas

As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o termitorio nacional, que impliquem o deslocamento de recursos humanos e

1 | materiais, tendo por objeto coletar dados, materiais, espécimes biologicos e minerais, pecas integrantes da cultura nativa e cultura popular, presente e passada,
obtidos par meio de recursos e técnicas que se destinem ao estudo, a difusdo ou & pesquisa, estdo sujeitas a autorizacdo do Ministério de Ciéncia e Tecnologia

Esta autarizagao NAO exime o pesquisador titular e os membros de sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos legais, bem
como do consentimento do responsavel pela area, publica ou privada, onde sera realizada a atividade, inclusive do orgdo gestor de terra indigena (FUNAI), da
unidade de conservacéo estadual, distrital ou municipal, ou do proprietario, arrendatario, posseiro ou morador de area dentro dos limites de unidade de conservacdo
federal cujo processo de regularizagdo fundiaria encontra-se em curso.

Este documento somente podera ser utilizado para os fins previstos na Instrugdo Normativa ICMBio n® 03/2014 ou na Instrugdo Normativa ICMBio n® 10/2010, no que
3 | especifica esta Autorizacdo, ndo podendo ser utilizado para fins comerciais, industriais ou esportivos. O material bioldgico coletado devera ser utilizado para atividades
cientificas ou didaticas no ambito do ensino superior.

A autorizacdo para envio ao exterior de material biolégico ndo consignado devera ser requerida por meio do endereco eletrénico www .ibama gov br (Servicos on-line -
Licenca para importacdo ou exportacdo de flora e fauna - CITES e ndo CITES).

O titular de licenca ou autorizacdo e 0s membros da sua equipe deverdo optar por métodos de coleta e instrumentos de captura direcionados, sempre que possivel,

5 | ao grupo taxonémico de interesse, evitando a morte ou dano significativo a outros grupos; e empregar esfarca de coleta ou captura que ndo comprometa a viabilidade
de populagdes do grupo taxondmico de interesse em condigdo in situ.

O titular de autorizagdo ou de licenca permanente, assim como os membros de sua equipe, quando da violacdo da legislacdo vigente, ou quando da inadequacio,

6 | omissdo ou falsa descricdo de informaces relevantes que n a expedicdo do ato, podera, mediante decisdo mofivada, ter a autorizagéo ou licenca
suspensa ou revogada pelo ICMBio, nos termos da legislacdo brasileira em vigor.

Este documento ndo dispensa o cumprimento da legislacdo que dispde sobre acesso a componente do patriménio genético existente no territorio nacional, na

7 | plataforma continental e na zona econdmica exclusiva, ou ao conhecimento tradicional associado ao patriménio genético, para fins de pesquisa cientifica,
bioprospecgédo e desenvolvimento tecnolégico. Veja maiores informagdes em www.mma.gov_br/cgen

Em caso de pesquisa em UNIDADE DE CONSERVACAQ, o dor titular desta autorizagédo devera contactar a administragdo da unidade a fim de CONFIRMAR
AS DATAS das expedicdes, as condigGes para realizagdo das coletas e de uso da infra-estrutura da unidade.

Outras ressalvas
| ] APA Chapada do Araripe: solicitar permiss&o dos proprietarios das areas onde ocorrerdo a pesquisa. Comunicar a unidade o inicio das trabalhos

de campo
Equipe
# Nome Fungao CPF Doc. Identidad. Nacionalidad
1 | RAFAEL PEREIRA DA CRUZ Iniciagdo Cientifica 065.630.123-61 20080760494 SSP-CE Brasileira
2 | Maria Flaviana Bezerra de Morais Braga Coorientadora 403.805.213-34 2003034087422 ssp-CE Brasileira

Locais onde as atividades de campo serédo executadas

[Z] Municipio [ UF_[Descricéo do local [Tipo |
| 1 | ‘ CE | AREA DE PROTECAO AMBIENTAL CHAPADA DO ARARIPE ‘ UC Federal |

Este documento (Autorizagéo para atividades com finalidade cientifica) fol expedido com base na Instrug&o Normativa n® 03/2014. Afraves do codigo
de autentica¢do abaixo, qualquer cidaddo poderéa verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na

Internet (www.icmbio.gov.br/sisbio).

Cédigo de autenticacao: 97559552 “‘lml‘l “‘l‘lml“l‘
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Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservagéo da Biodiversidade - ICMBio
Sistema de Autorizacéo e Informagéo em Biodiversidade - SISBIO

Autorizacao para atividades com finalidade cientifica

Numero: 642931 Data da Emisséo: 11/07/2018 15:03 Data para Revalidagdo*: 10/08/2019

* De acordo com o art. 28 da IN 03/2014, esta autorizag&o tem prazo de validade equivalente ao previsto no cronograma de atividades do projeto,
mas devera ser revalidada anualmente mediante a apresentacéo do relatorio de atividades a ser enviado por meio do Sisbio no prazo de até 30 dias
a contar da data do aniversario de sua emisséo.

Dados do titular

Nome: Antonia Thassya Lucas dos Santos CPF: 033.936.893-47

Titulo do Projeto: Efeito antifungico de Spondias tuberosa Arr. Cam. (umbu) frente a leveduras do género Candida

Nome da Instituigdo : Universidade Regional do Cariri CNPJ: 06.740.864/0001-26

Atividades X Taxons

[Z] Atividade I Taxons

| 1 \ Coleta/transporte de material botanico, flingico ou microbiolégico \ Spondias tuberosa

Material e métodos

[1 T Amastras biolégicas (Plantas) [ Folhas, Raizes

[2_[Método de capturalcoleta (Plantas) [ Coleta manual

Destino do material biolégico coletado

[#] Nome local destino T Tipo Destino

[1_[Universidade Regional do Cariri | colegdo

Este documento (Autorizagéo para atividades com finalidade cientifica) foi expedido com base na Instrugdo Normativa n® 03/2014. Através do codigo
de autenticagéo abaixo, qualquer cidadéo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na

Internet (www.icmbio.gov.br/sisbio).

Codigo de autenticagido: 97559552 “‘l‘lml “‘ |‘|‘|‘|“|‘
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Instituto Chico Mendes de Conservagédo da Biediversidade - ICMBio
Sistema de Autorizacéo e Informacédo em Biodiversidade - SISBIO

Autorizagio para atividades com finalidade cientifica

Numero: 64293-1 Data da Emissao: 11/07/2018 15:03 Data para Revalidagao*: 10/08/2019

* De acordo com o art. 28 da IN 03/2014, esta autoriza¢éo tem prazo de validade equivalente ao previsto no cronograma de atividades do projeto,
mas devera ser revalidada anualmente mediante a apresentacéo do relatdrio de atividades a ser enviado por meio do Sisbio no prazo de até 30 dias
a contar da data do aniversario de sua emisséo.

Dados do titular

Nome: Anfonia Thassya Lucas dos Santos CPF:033.936.893-47

Titulo do Projeto: Efeito antifingico de Spondias tuberosa Arr. Cam. (umbu) frente a leveduras do género Candida

Nome da Instituigéo - Universidade Regional do Cariri ‘ CNPJ: 06.740.864/0001-26

Registro de coleta imprevista de material biologico

De acordo com a Instrugdo Normativa n® 03/2014, a coleta imprevista de material biolédgico ou de substrato ndo
contemplado na autorizagdo ou na licenga permanente devera ser anotada na mesma, em campo especifico, por
ocasido da coleta, devendo esta coleta imprevista ser comunicada por meio do relatério de atividades. O transporte do
material biolégico ou do substrato devera ser acompanhado da autorizagdo ou da licenga permanente com a devida
anotacéo. O material bioldgico coletado de forma imprevista, devera ser destinado & instituicéo cientifica e, depositado,
preferencialmente, em colecdo bioldgica cientifica registrada no Cadastro Nacional de Cole¢des Biolégicas (CCBIO).

Téxon* Qtde. Tipo de amaostra Qtde. Data

* Identificar o espécime na nivel taxondmico possivel

Este documento (Autorizagéo para atividades com finalidade cientifica) foi expedido com base na Instrugéo Normativa n° 03/2014. Através do cadigo
de autenticagéo abaixo, qualquer cidadéo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na

Internet (www.icmbio.gov.br/sishia).

Cddigo de autenticagdo: 97559552 H‘l‘”l‘l ml ml‘
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ANEXO 4: Parecer com autorizacdo da pesquisa pelo Sistema Nacional de Gestdo do
Patriménio Genético e do Conhecimento Tradicional Associado (SISGEN) do

Ministério do Meio Ambiente

Ministério do Meio Ambiente .
CONSELHO DE GESTAOQ DO PATRIMONIO GENETICO

SISTEMA NACIONAL DE GESTAO DO PATRIMONIO GENETICO E DO CONHECIMENTO TRADICIONAL ASSOCIADO

Comprovante de Cadastro de Acesso
Cadastro n2 A341D06

A atividade de acesso ao Patriménio Genético, nos termos abaixo resumida, foi cadastrada no SisGen,
em atendimento ao previsto na Lei n® 13.123/2015 e seus regulamentos.

Nimero do cadastro: A341D06

Usugdrio: Antonia Thassya Lucas dos Santos
CPF/CNPJ: 033.936.893-47

Objeto do Acesso: Patriménio Genético

Finalidade do Acesso: Pesquisa

Espécie

Spondias tuberosa

Titulo da Atividade: Efeito antifungico de Spondias tuberosa Arr. Cam. (umbu) frente a leveduras
do género Candida

Equipe

Antonia Thassya Lucas dos Santos URCA

Maria Flaviana Bezerra Morais Braga Universidade Regional do Cariri - URCA

Henrique Douglas Melo Coutinho Universidade Regional do Cariri - URCA

Parceiras Nacionais

06.740.864/0001-26 / Universidade Regional do Cariri - URCA

Data do Cadastro: 10/07/2018 11:30:31 E E

Situagdo do Cadastro: Concluido

Conselho de Gestdo do Patriménio Genético
Situacéo cadastral conforme consulta ao SisGen em 11:32 de 10/07/2018.

/AN  SISTEMA NACIONAL DE GESTAC
DO PATRIMONIO GENETICO
W € DO CONHECIMENTO TRADICIONAL
INY/NY  AssocIADO - SISGEN
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